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PREFACE -

Wood identification, ay mentioned in this paper, should
glve the reader a better understanding of the identification
of many speclies. In this paper we believe that it is neces-
sary for students to have a better understanding of how to
identify different species, which will lead to better selec-
tion of woods for jobs in everyday life.,
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Identification of wood 1s comparatively more difficult
than identification of the tree that produced it. There are

two main procedures for wood identification--by keys and by
cards., |

Lo AR AASA

‘The most pronounced the reliable specific difference in

the appearances of woods are found in their cellular struce
ture.

& it

Color, cdor, weight and hardness help in 1dentifying woods,
but as a rule such qualities are too variable to be used singly
in distinguishing a large number of woods.

it
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Hardwood of ring-porous and diffused-porous will be defined
with information about general characteristics, such as growth
rings, rays, vessels, sapwood, and heartwood,

Softwoods can be divided into two groups; the resinous,
those specles having resln ducts and the nonresinous, those
without resin ducts. There are no perfect tools for wood iden-
tiflcation. While we have attempted to give an approach to
thlis problem that seems to be good; we feel there 1s still
room for research and study. .
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COLOR A KEY TO WOOD IDENTIFICATION

Wodod comes in a variety of natural colors which may range
from almest white, as in the sapwood of many specles, to the
jet black of the heartwood of blsck ebony. Coler differences
may exist, however, in a single sample of wood: as between
sapwood and heartwood, earlywood and latewood, or between ray
tlssue and the surrounding wood. Heartwood present a wide
varlation of colors, predominantly browns of various shades.
Sapwood 1s always lighter,

Color characterizes various species, but is a feature
difficult to describs with words. Also, it may vary within a
specles and 1s subject to change due to exposure or treatment. .
Usually, color is estimated visually, but it may also be meas-
ured by technical means. The color of wood exposed to the
atmosphere frequently darkens; sapwood usually darkens mor .
than heartwood. Such changes are generally chemlcal in nature;
they result from oxidation of organic compounds contained in
wood. Change of color may take place soon after felling treses
in the forest, or after sawing green logs to lumber. The wood
of alder quickly changes from whitish or reddish, then fades to
a pale brown, The heartwood of black locust turns from light
green to dark brown. Douglas-fir becomes reddish. Lorg expo~
sure of light-colored woods to the sun, especially in high eleva-
tiona, changes thelr color to brown, while long expesure to rain
or high humidity changes them to dark gray.

Dark natural color usually indicates high durability. 1In
general, color is imparter to wood by extraneous materials de-
posited mainly in the heartwood. Many of these materials, known
also as extractives, are toxic to wood decaying fungi. Their
presence 1s the cause of high durabllity of woods like redwood,
cypress, cedar, oak, black locust, and osage-orange. For the
same reason, heartwood of these and other speciss is more durable
than sapwood, and woods like basawood, willow, and poplar pos-
sess low durability. Light color, however, does nct always
denote lack of durability. Bald cypress, certain cedars and
sassafras are examples.

Color-impasrting materials may be so abundant in some woods

that they can be utilized as dyes. Before the development of

synthetic coloring materials. Some dyes were obtained from
woods. It 1s also noteworthy that some woods, such as black
locust, honey locust, and a number of tropical species are
fluorescent. |

Natural coloration in many woods 1is very attractive and may
be preserved with transparent finishes, or 1t may be artifi-
cally changed by dyeing or bleaching. Color changes may also




Se

be produced by action of water or steam. Oak becomes élmost
black after prolonged storage under water, Europsan beech is
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| often steamed to darken its color and make 1t more desirable
- for the furniture market. Walnut and sweetgum are also
% . treated with steam to darken thelr sapwood so that it 1s bet-

ter matched with heartwood. (l: 525-527) In inexpensive
furniture the nature color of various woods 1s cften imitated
by drying lesa expensive species.
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Irregular deposition of coloring materlials may cause local
variation in color, color changes may also result from fungal
and bacterial attack, or other reasons.
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Luster, A Characterlistic of Wood
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Some woods possess a natural luster, which may be distin-~
gulshed from artifical luster in that the former has depth
whlle the latter 1is superfical. As a rule, woods exhibit more
luster on radial surfaces, due to exposure of rays. Luster 1is
alao affected by the angle of light reflection.

T e R

Among lustrous wdods are spruce, ash, sycamore, baéswood,
and poplar. On the contrary, the surface of other woods feels
greasy, as for example bald cypress, olive, teak and lignum
vitae.

Odor, A Factor in Wood Identification

Odor in wood is due to volatile extraneous materlals. Such
materials, when present, are mestly deposited in heartwood,

. where odor 1s therefore more pronouriced. Due to the volati-
bity of these materials, odor gradually fades upon exposure.
For this reason it 1s more prevalent in freshly exposed. sur-
faces. ‘ _

Like color, odor 1s not an easy feature to describe, Cedars
and cypress possess an aromatic odor, and the odor of plne 1is
resinous. Among other apecies characteristics is the odor of
sassafras, bald cypress has sometimes an unpleasant odor, and
catalpa heartwood 1s to suggest kerosene. (15) Maple when hot
and wet, has been described to samell like strawberry jam, teak
like burnt leather, and the tropical coachwood like new-mown
hay (1l) or caramel (13). Other species possess various odors;
aome have been given suggestive names.

Odor may be an advantageous characteristic, as in the case
of Spanish cedar which 1a used for cigar boxes, or some cedars

e w@'ﬁ*‘w’”’f'ﬂ "‘“"’“ ~ ~~ W v e R, R



and cypress which is preferred for clothss chests. On the
other hand, odor is undesirable in wood used for basket, boxes-
‘or crates for packing food. Aside from occuring normally,
odors may be produced during the decomposition of wood by
micro-organlsms. _ , :

Taste

Tagte 1s due to volatile deposits. Thus, it 1s more dis-
tinctive in heartwood than in sapwood. Woods like oak and
chestnut which contain appreciable amounts of tannin, posseas
a bitter taste. Taste ig not a very important diagnostic
feature but it may help in some cases in separating similar
woods. For example, the American cedars-lncense cedar and
western cedar are woods similar in structure and appearance,
but the former has a spicy taste whereas the latter 1s faintly
bitter.

Texture, Graln and Figure

Textur. and grain are terms often misused in practlice.
Expressions such as course, fine, or medium texture are fre-
‘quently employed as synonymous to analogous qualification of
grain. The connotations course, fine, and medium refers to

the relative size and proportion of wood elements (cella) as -
seen by the naked eye or with a hand lens. Large dlameter
cells produce a course (open) texture or grain, which small e

diameter cells forms a fine texture or graln. -Fast growing
trees often produce course wood.

Even or uneven texture, or grains refers to the degree of E
uniformity of appearances; they indicate differences in struc-
ture within a growth ring. Ring-porous woods are generally
uneven in comparision to diffuse=porous. Softwoods with abrupt
transition from earlywood to latewood have an uneven texture
or grain.

The term grain has an additional meaning; 1t denotes direc-
tion of wood elements. - ~

Figure 1s used to describe the natural design or pattern
on wood surfaces.

Weight and Hardness 4
Weight, eatimated simply by 1ifting a sample of wood, 1s an

added helpful physical characteristic for purposed of descrip-
tion, identification, and other. However, it should be

Shs e R S e




 ditions about 5-10 1b/ft3 (80-160 kg/m

5.

remembered that weight is influenced by various factors, such
as sapwood and heartwood, proportion of earlywood and latewood,
and especially by moisture content. Any comparison, to be
valid, should be made under approximately identical conditions.
Moisture content is very important, because 1n light woods the
weight of included moisture may exceed many times the weight of
the wood substance 1tself. Moisture i1s also subject to contin=-
- uous variation when wood is exposed under varying atmospheric
conditions.

| Both the lighteat and the heaviest commercial woods are
tropical. The lightest ia balss, whicg weighs in dry-air con-
), and the heaviest 1ia
lignum vitae with about 75-80 1b/ftd (1200-1300 kg/m3). Common
temperate woods weligh in air-d;y condition from about 20 to
55 1b/ft3 (about 300 to 900 kg/m®), but there may be a consid-
erable range of varlation (up to 10 1b/ft3 or more) within a
species. (24) < |

Related to weight is the concept of specific gravity.
Specific gravity is the ratio of the weight of a sample of
material to the weight of a equal volume of water. 1In the
metric system, specific gravity is simply the ratio of weight
'to volume of wood. The comparative value of specific gravity
1ies in the fact that it is based on standard hygrometric
conditions. Weight is determined after the wood 1s oven-dried
~ (that 1s at practically zero moisture content) and volume 1in

either oven-dry or "green" (unseasoned) condition; weight and
volume may also be based on any specific molsture content.
Because of the way it 1s determined (weight of material to
welght of an equal volume of water), specific gravity has no
dimensions. Common temperate woods range in specific gravity
(based on oven-dry welght and green volume) from about 0.30 to
0.90. Specific gravities vary mainly because of different
amounts of vold space in different woods. The specific gravity
of wood substance is reported to be approximately 1.5, irre-
spective of species. (16, 27: 55-61)

Hardness 1s closely related to weight, heavier woods are
harder. However, the effect of molsture 1is opposite; with
increasing moisture content hardness decreases. Hardness 1isa
also different on transverse, radial, and tangential surfaces,
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6.

IDENTIFICATION OF WOOD

X

The properties of wood and its complexities have been
recognized for many centuries. Instead of being primarily
a solid material llke steel or concrete, wood is found to
be composed of many tubular fiber units, or cells, cemented
together. The largest of these cells are found to be less
thai: one fiftieth of an inch in diameter and a quarter of
an inch in length; the only exception being the vessels in
which the end walls have been dissolvedaway to form long,
continuous transportation tubes. Those parts which form a
basis for wood identification are: +tracheids, vessels, wood
fibers, medullary rays and resin ducts. That a complete
understanding of each term used might be achieved a glossary
of terms for "Wood Identification" has been developed.

The study of identifying wood can be divided into two-
categories; the physical properties--those which have al-
ready been touched upon, and the gross structual features.(1:33)
These minute features of wood are identifiedlargely upon the
kind of cell and their arrangement as seen by the eye. Basl-
cally, there are three methods of identification: (1) visual,
(2) macroscopic and (3) microacopic. The visual method 1s by
far the simplest and most practical but in many situations low
in reliability. In macroscopic identification, a hand lens
which enlarges by ten (10X) is used. This method 1s of higher
reliability and is quite practical because expense 1ls small.
The method which provides the most in rellability is micro-
scopic, but many times proves to be impractical. In micro-
scopic identification the cell structure is enlarged from 40 to
100 times, thus furnishing the most positive means of wood
identification. | ' :

Wood is usually identified from three different planes of a
section of wood as shown in fig. 1. The face that 1s exposed
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when wood is cut or sawed at right angles to the grain 1s the
transverse surface or cross section. The end grain 1s visible
in this plane and is the surface most often used in wood iden-
tification. The radial and tangential surfaces sections are
at right angles to the transverse surface, A truly radial
gection would pass from the bark through the pith of the tree,
following a radius of a cross section of the log. The tangen-
tial face of wood is exposed when the bark is peeled from a
tree (2: 34).

A cross section of a tree shows several parts that can be
jdentified with the eye in wood identification. (fig. 2) The
outer bark, which is protecting the tree, 1s the dead, corky
part that varies in thickness with the kind of tree and its
gage. The inner bark of phloem carries the food made in the
leaves down to branches, trunk and roots. Just inside the
inner bark the cambium layer is found. It is the soft, micro-
acopic pitch-like material in which cell formation takes place
to form wood on the inside and phloem or inner bark on the out-
gide. ' :

The wood itself is the part of the tree used to make
lumber. It is divided into sapwood and heartwood. Sapwood
contains living cells and has an active part in the life pro-
cesses of the tree. It is located next to the cambium and
functions in sap conduction up and down the trunk from the
: roots to the leaves. The sapwood may vary in thickness and in
32 the number of growth rings it contalins. It is the newer growth,
usually lighter .in color, that is actually the growing parft of
the tree. Normally there is less sapwood than heartwood.

The heartwood is generally darker in color hecause of the
presense of resin and other materials. As far as the growth
of the tree is concerned, the heartwood is dead as i1t consicts
of inactive cells formed by changes In the living calls of the
inner sapwood rings. Some trees have pores tightly plugged
by tyloses as is seen in white oak. The only active part of
the heartwood is in the actual physical support of the crown.
It i3, however, more resistant to decay than the sapwood.
Heartwood is more valuable commerclally and most timbers with
which we are familiar come from this colored, denser wood . (6235)

The pith is the small center core of a tree. Most branches
originate at the pith, and their bases are intergrown with the
wood of the trunk as long as they are allve.
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Fig. 2 Crossa section of a tree
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A. Annual Ring B. Pith C. Summerwood
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D. Springwood ‘ E. Rays F. Heartwood

G. Sapwood (Xylem) H. Rays | I. Cambium

J. Inner Bark (Bast or K. Outer Bark
Phloem)
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Radiating outward from the center of a tree are medullary
ray cells. These are visible with the eye 1n some specles
while in others, some magnification i1s necessary. Medullary
rays, also called rays, store and conduct. food horizontally,

in the tree. The rays are most easily seen on :‘quarter sawed
lumber. : | 2 ' |

‘ Each year as a tree grows 1t usually puts on an early
inner growth ring called springwood or early wood. An outer

- part formed later in the growing season is referred to as
summerwood or late wood. The actual time of formation of
‘these two parts of ring may vary with environmental and
weather conditions. Springwood is usually characterized by
cells having relatively large cavities and thin walls. Sunm-
merwcod cells have smaller cavities and thicker walls. The
change from springwood to summerwood may be gradual or abrupt,
this depending on the kind of wood and the growing conditlions
at the time it was formed. In the tropics where growth and
wood formation are more or less continuous, growth layers are
not formed. The wood formed appears quite homogeneous. (4:95)

Trees are a division of seed plants termed by botonists as
spermatophytes. These are divided into two groups: endogens
(inward-growing) and exogens (outward-growing) trees. The
endogens (inward-growing trees) have little commerclal value as
most of their growth takes place inwardly in a hollow trunk.
Exogenous trees (outward-growing) are the valuable lumber pro-
ducing trees. These may be divided into two classes: angio=-
sperms and gymnospermse.

) Angiosperms are called hardwoods or deciduous woods. The
"term deciduous means that they shed thelr leaves annuaily.
Although lumber is usually specified as sither soft or hard,
these terms do not refer to the actual softness or hardness

~of the wood itself. The hardwoods are obtained from broad-

" leaved trees such as elm, oak, and poplar. In almost all cases
the leaves are broad and deciduous in the temperate zones.
Hardwoods are designated as porous woods based on the fact that
porous woods possess vessels or ducts extending along the
grain. (fig. 3) The vessels form the main arteries in the
movement of the sap. They appear as pores and are often visible
with the naked eye on the transverse surface. In hardwoods,
when the pores are larger or more abundant in one portion of a
growth ring than in another, the wood 1s called ring porous.
This characteristic i1s caused when a hardwood tree grows more

-papidly in the early or springwood than 1t does 1in the late
growth or summerwood. When this takes place the early growth
is softer and coarser, the pores are larger and the growth 1is
much thicker,

YR
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AR-Annual Ring
F-Wood Fibers
K-Pits
ML-Middle Lemellas
P-Pores or vessele
RR-Verticle plane parallel
to the radius

S-Springwood or earlywood
SC-Grating
SM=-Summerwood

| TT-Horisontal plane-top

| surface ~

; WR-Wood rays

WR

Fig. 3 Hardwood

Many of the hardwoods are classified as close grained
woods. They have pores that are of fairly even sizes and
are well distributed throughout the growth ring. These woods,
such as maple or birch, seldom require filling to produce a
good end product; they are referred to as diffuse porous.
Diffues porous means that the growth was uniform throughout
the growing season and no significant difference can be seen
in the early growth and the late growth (4: 39). All woods
are porous in the broad sense of possessing air space;
these alr spaces must not get confused with vessels in hard-
woods or tracheids i: softwoods.

| The softwoods also known as coniferous woods, are pro-
duced by "cone bearing" trees. Usually these are evergreen
trees auch as the firs, pines, cedars, redwoods, spruces

and hemlocks; the exceptions to these are cypress, larch and
~tamarack. A softwood tree has needlelike, linear, awlshaped,
or scalelike leaves and the seeds ars borne either in cones




AR-Annual Ring
BP~-Bordered Pits
FWR-Fusiform Wood Rays
HRD-Horizontal Resin
-Duets
ML-Middle lemells
RR-Verticle plane along
trunk
S=Springwood cells
SM-Summerwood cells
-SP-Simple Pit
TG-Surface at right an-
gles to radial
surface
VRD-Verticle Resin Duct
WR-Wocd Rays

Fig. 4 Softwood

in axil of a cone, or naked. Softwoods are designated non-
porous as they have no vessels or ducts which appear with the
naked eye on the transverse surface. When the trangverse sur-
face of a coniferous wood 1s viewed under a lens (fig. 4) it
appears to conslist of uninterrupted radial rows of cells called
trachelds. The trachelds conduct the sap longitudinally in the
softwood tree. Another ldentifying characteristic in softwoods
1s the presense of resin ducts in some species. (17: 15)

Resin ducts are many times confused with vessels or pores
that are found in hardwoods. These ducts are in reality tubu-
lar intercellular spaces sheathed by secreting cells. Resin
ducta or canals are found in pine, spruce, larch or tamarack,
and douglas fir; these serve to distinguish from those of other
domestic conifers. Normal resin ducts extend both along the
grain and also across the grain and may vary greatly in size.
Sometimes ducts or canals may be found, as a result of injury,
in woods normally devoid of canals. This type of a canal is
called a traumatic canal and can be found along the grain in
hemlock, fir and redwood. The presence of ducts or canals as
normal structures indicates that the wood in question must

‘helong to one of four species. (2: 50)
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SOFTWOODS

The term, softwood, refers to wood from cone bearing
trees also called conifers. As a group they are charac-
terized by scalelike leaves or needles and cones. The
classification is a botanical one and does not indicate the
degree of hardness or softness of the wood.

| Softwood 1s used extenaively by the pulp and paper
industry. Wood for most building materials also comes from
this group. In general, softwoods are seldom used for furni-

‘ture, but may be used in interiors for cabinets, paneling,

built=-ins, and trim.

Softwoods include douglas and white fir, redwood, cypress,
larch, hemlock, western red cedar, the spruces and the plnes.
Several kinds may be found under each of these specles. For
example, pines may be shortleaf, longleaf, loblolly, slash,
ponderosa, northern, Idaho white, red, sugar, lodgepole, or

jBCko '

Vast amounts of softwoods are cut and used in this country
each year. Their special identifying characteristics have
been well catalogued by Panshin (2: 441) and others.
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WESTERN RED CEDAR 1

General Characteristics

Sapwood - nearly white, narrow.

Heartwood = reddish or pinkish brown to dull brown.

Wood = characteriastic sweet, fragrant cedafy odor and i
faint bitter taste.

L
Sk ager 5 Sy
i et Sy

Growth Rings - distina% and generally quite conspiclous.

Parenchyma = not visible or barely distinct with a hand
lens as a narrow line in the late wood.

Rays - fine, close, ilnconspicious fleck on the quarter
surface,

Minute Anatomy - Tracheids medium coarse, up to 45 microns in
diameter. Bordered pits in one or two rows on the radial
walls. Tangential pitting present in the last two rows
"of the late wood trachelds.

gy e 17
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BALD CYPRESS

General Characteristics

Sapwood - pale yellowish white, merging gradually into
the heartwood.,.

Heartwood - variable in color ranging from yellow to
dark brown,

Wood - does not impart taste, odor, or color to food.

Growth Rings - distinct, early wood zone, narrow to
wide, usually several times wider than
late wood. : |

Parenchyma - abundant, present in every growth ring.

Raxs - rather coarse for a coniferous wood.

Minute Anato?z_- trachelds up to 70 microns in diameter,
Trequently bordered pits appearing in one to four rows
on the radlial walls, pitting present in :he last few
rows of late wood tracheids.




DOUGIAS FIR

General Characteristics

;; Sapwood - whitish to pale yellowish or reddish white.
gl Heartweod - ranging from yellowish or pale reddish yellow

to deep red, the color varying greatly in
different samples.

T R

Wood - has characteristic resinous odor when fresh,
without characteristic taste, usually straight
and even gralned.,

ST Bt o oo
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Growth Rings - very distinctd, frequently wavy. Early

1 ' wood zone usually several times wider

3 than the band of late wood, transition from
early to late wood generally abrupt.

PN
AL Okiad o

4 Parenchyma - not visible.

% Rays - not visible to the naked eye.

4§ Resin Canals - present, longitudinal and tranaverse.

? Minute Anatomy =- tracheids up to 55 microns in diameter,

j? characterized by fine, close bands of spiral thickening.
8 Bordered plts in one row or occasionally paired on the
g radial walls. Tangential pitting present in the last

| few rows of late wood tracheids.

v
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PONDEROSA PINE

General Characteristics

Sapwood - nearly white to pale yellowish, wide, often
composed of BO or more ringse.

Heartwood - yellowish to light reddish or orange brown.

Wood = distinet, non~characteristic, resinous odor with-
out characteristic taste. .

Growth Rings - distinct, inconspicuous to conspicuous.

Parenchyma - not visible.

Rays = very fine, not visible to the naked eye except
where they include a transverse resin canal.

Regin Canals = present, longitudinal and transverse.

Minute Anatomy - Tracheids up to 60 microns in diameter,
"bordered pits in one row on the radial walls. (Resin
cells with thin walled epithelium frequently occluded
with tylosoids in the heartwood.)
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SOUTHERN - PINE ' f

General Characteristics | 5

Sapwood - nearly white to yellowish.

Heartwood - distinct, ranging through reddish brown or
light brown to shades of orange and yellow.
Resinous.

P e R, At a o

Wood - noncharacteristic, resinous odor; without char- y
acteristic taste. ‘

Growth Rings - distinct, delineated by a pronounced band :
of darker late wood. Early zone varying
from wide to very wide.

Parenchyma - not visible.

Raya - fine, not visible to the naked eye except where
include a transverse resin canal.

Minute Anatomy - Tracheids up to 60 microns in diameter,
bordered pits in one row or not infrequently paired on
the radial walls. Resin canals with thin walled epithe- ' ;
1ium frequently occluded with tylosolds in the heartwood. -
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SUGAR PINE

General Characteristics

Sapwood - white to pale yellowish white, frequently dis-
colored by blue stain.

Heartwood - light brown to pale reddish brown, frequently
discolored with brown stain.

Wood - noncharacteristic odor, often exuding a sugary
substance when green.

Growth Rings - distinct, delineated by a narrow band of
darker late wood at the outer margin.
Early wood zone usually wide, appearing to
occupy most of the ring.

Parenchyma - not visible.

Rays - very fine, not visible to the naked eye except
#
where they 1lnclude a transverse resin canal.

Minute Anatomy - tracheids up to 65 microns in diameter,
‘bordered plt in one or two rows on the radial walls;
tangential pitting present in the last few rows of late
wood tracheids. Pits leading to ray parenchyma large,
not infrequently three per ray crossing.
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REDWOOD

General Characteristics

Sapwood - narrow, almost white.

Heartwood - varies in color from light cherry to dark
mahogany .

Wood = without characteristic odor or taste.

Growth Rings - distincb delineated by a band of darker
late wood Late wood zone distinct to
the naked eye, darker and denser than the
early wood.

Parenc yma - abundant, present in every growth ring.
Cells scattered, readily visible in the sap-
wood with a lens, and sometimes to the naked
ey©e.

Rays - coarse for a coniferous wood, lighter than the
background in the heartwood, generally visible to
the naked eye.

Minute Anatomy - trachelds up to BO microns in diameter,
bordered pits in at least two rows on the radial walls,
tangential pitting present 1in the last few rows of late
wood tracheidas. ,
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SITKA SPRUCE

General Characteristics

Sapwood - creamy white to light yellow (5: B87)

Heartwood = light pinkish yellow to pale brown with
purpliash cast.

Wood - more or less lustrous, without characteristic
odor or taste.

Growth Rings - distinct, delineated by a band of darker
late wood. Early wood zone usually
occupying one-half to two-thirds of the
ringo

Parenchyma - not visible.

Rays - very fine, not visible to the naked eye except
where they include a transverse resin canal.

Resin Csasnals - present, longitudinal and transverse.
Longitudinal canals fairly large, appear-
ing as white flecks in the dark heartwood
to the naked eye. . |

Minute Anatomy - tracheids up tc 55 microns in dlameter,

bordered pits in one row or rarely palred on the radial
walls. Tangential pitting present in the last few rows
of late wood tracheids.
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HISTORY OF THE USE OF FINE HARDWOODS

g In all the eras of our civilization, hardwoods have been

3 prized for their color and texture and the brilliance with

: which they take and hold a finish. The variety of color alone
to be found among the more familiar hardwcods ranges from the
pgle creamy white of holly to the almoat pure black of African
eoony.

i In this century fer the first time in history, wood is not
} only a natural wonder, but so vastly improved in use by man

as to be quite different in ita function, beauty, and durabil- :
ity from what it was even fifty years ago. ;

American walnut, our most popular furniture wood, 1s also
highly regarded in Europe. Cherry, maple, oak, pecan, butter-
nut, and birch are the next most popular American furniture
‘woods.

Mahogany from Tropical America and Africa has been a popu- |
lar imported hardwood in the United States since the early ;
18th Century. :

Walnut began to be popular in England, where oak had been
gupreme for centuries, about the time of Queen Anne, in the
early 17th Century. Through the years it has been used in
many different furniture styles, both here and in Europe. On
both continents it 1s still a popular wood with designers of
modern or contemporary furniture., (7)
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AMERICAN BASSWOOD - Tilia Americana
1 WHITE BASSWOOD = Tilia Heterophylla

T A

General Characteristics:

.Z Sapwood - Whitish to creamy white or pale brown.

L

R I T P L e e d

Heartwood -~ Pale brown, sometimes with a reddish tinge.

Wood - Falnt odor on freshcut surface. Tasteless. Straight
grained, light. S.G. 0.32 green, 0.40 ovendry. Soft.

AT

Growth. Rings ~ Fairly distinet.

Pores = ?umerous, small, distinctly visible with a hand
ense, :

Paurenchyma - Not distinct or barely visible with a hand ]
' : lense. Banded. - ’

Razs - Variable in width.

Minute Anatomy

Vessels - Modsarately few to very numerous, the largest
small to medium.

Parerchyma - Abundant, marginal and apotracheal. Banded.

"FibervTraCheids - Thin walled, medium to very coarse.

Rays - Unatoried or rarely somewhat storied. (3: 564-566)
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BIRCH = Betula Alleghaniensis

' General Characteristics

Sapwood - Whitish, pale yellow, or light reddish brown. .
Heartwood - Light te dark brown or reddish brown.

Wood - No ordor or taste, straight-grained, moderaﬁely
- heavy to very heavy S.G. 0.45 -~ 0.60 green, 0.55 to
0.71 ovendry. Moderately hard to hard.

Growth Rings - Frequently not very distinct without a lens,
: delineated by a fine liné of denser fibrous
tissue at the outer margin.

Pores - Appearing as whitish dots to the naked eye, the
larger obviously wider than the widest rays,
nearly uniform in size and evenly distributed
throughout the growth ring.

Parenchyma - Not visible.
Rays ~ Fine, visible with hand lens.

Minute Anatomy

Vessels - Small the medium, few to moderately numerous.

Parenchyma - Apotracheal - diffuse.

E Fiber Tracheids -~ Thin to moderately thick walled. Medium
: to coarse.

Rays - Unstoried, homocellular. (3: 510-512)

#
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CHERRY ~ Prunus Serotina

General Characteristics

Sapwood ~ Whitish toilight reddish brown.
Heartwood - Light to dark reddish brewn.

Wood - No odor or taste, straight grained, moderately hard,
moderately heavy, S. G. 0.47 green, 0,53 ovendry.

Growth Rings - Fairly dilstinct.

Pores - Small, indistinct to the naked eye. Those at the
beginning of the ring somewhat larger, elsewhere
quite uniform in size and fairly evenly distributed.

Parenchyma - Not visible

Rays - Visible to naked eye, green canals sometimes present.

Minute Anatomy -

/

Vessels - Moderately numerous to very numerous, the largest
small, Gummy infiltration occasionally present.

Parenchyma - Very sparse.

Fiber Tracheids - Thin to thick walled, medium to coarse.

Rays - Unstoried (3: 547=549
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HARD MAPLE = Sugar-Acer Saccharum | i
Black=Acer Nigrum oy

\

b i
g General Characteristics %5

Sapwood - White with a reddish tinge,

A A
et T (- R g

Heartwood - Uniform light reddish brown. ;

Wood - No odor or taste, straight grained usually heavy, f
S.Gs 052 = 0,56 green, 0.62 - 0,68 ovendry, hard. ol
Growth Rings - Usually fairly distinct. ;5
Pores - Small, indistinect without a2 hand lena. gi
Parenchyma - Not visible. %L
Rays - Two widths. Broad rays visible to naked eye. g
Narrow rays barely visible with a hand lens. N
Minute Anatomy f%

Vessels - Few to moderately numerous, the largest small. ;

Parenchyma - Sparse. g

Fibers Iibriform and Fiber Tracheids - Thin to moderately g
thick-walled, fine to coarse. | i

Rays - Unstoried. (3: 556-568) g
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SOFT MAPLE: Red Maple - Acer Rubrum .
Silver Maple - Acer Saccharum

General Characteristics

& Sagwood - White ‘

Heartwood - Light brown, aometimes w1th a grayish or
greenish tinge..

ke Wood - No odor or taste. Straight grained usually,
] : Moderately heavy. S.G. 0.44 - 0.49 green, 0,51 =
¢ 0.55 ovendry. Moderately hard to hard.

Growth Rings - Not very distinct.:

; Pores - Small, indistinct without a hand lens.

Parenchyma - Not visible,

Razs - Visible to the naked eye.

Minute Anatogx

Vessels - Moderately few to moderately numerous. The

largest small. -
Parenchyma - Sparse. | | ‘
Fibers Libriform and Fibers Tracheids - Thin to moderately
thick-walled. Medium GO0 coarse.
Rays - Unstoried. (3: 560=561)
]
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RED OAK - Quercus Rubra

% General Characteristics

1

? Sapwood - Whitish to grayish or pale reddish brown.

ié Heartwood - Pinkish to light reddish brown, occasionally

E ' 1light brown,
‘? Wood =~ No odor or taste, generally straight grained, heavy

? to very heavy. S.G. 0.52 = 0.61 green, 0.62 - 0,76
, ' ovendry. Hard to very hard.

Growth Rings - Very diatinet.

Early Wood Pores - Large, visible to naked eye, few or no
tyloses in the heartwood.

Late Wood Pores - Abundant, small, indistinct er barely
viaible to the naked eye.

Parenchlﬁg - Vigsible with a hand lens.

3 | - Rays - Two types, broad and narrow. Broad rays viaible to
4 naked eye. Narrow rays much more numerous than
‘ broad rays, but indistinct without magnification.

g SR AT T v 2o

Minute Anatomy

lf.'r‘"tnp'i-—'lvii.

-
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Vessels - In late wood few, largest early wood vessels large
to extremely large.

Vaaicentric‘Tracheida - Present intermingled with parenchyma.

Parenchxma - Abundant, paratracheal, intermingled with
‘ tracheids, usually banded.

stisid o0 e SNt 8 « e e ted Kb S ol
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Fibars Libriform and Fiber Tracheids - Medium thick to
thick walled.

Rays - Unstoried homoce]lular. (5° 522-525)
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WHITE OAX - Quercus Alba

o L e
R P

General Characteristlics -

Sapwood - Whitish to light brown. .g
Heartwood = Rich 1light brown to dark brown. |

Wood - No odor or taste, usually atraight grained, heavy E
to very heavy., S.G. 0.55 = 0.64 green, 0.66 - .
0.79 ovendry. Hard to very hard.

Growth Rings = Very distinct except in slow-grown stock.

Early Wood Pores - Large, visible to naked eye.

‘1ate Wood Pores - Numerous, small, not sharply defined
' with a hand lens.

Pérenctha - Visible with a hand lens.
Rays - Broad rays very conspicuous to the naked eye,

narrow rays much more numerous but indistinct
_ without magnification.

Minute Anatomy .

Vegsels - Late wood few to numerous; largest early wood ®
vessels large to extremely large. ]

Vasicentric Tracheids - Presént, intermingled with - 1
o parenchyma.

Parenchyma - Abundant, paratracheal, opothradheal -
. diffuse and usually banded.

“Fibers Libriform and Fiber Tracheid - Medium thick to
Tck walled, frequently gelatinous. 4

Rays - Unstoried and homocellular. (3: 525-528)
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YELLOW POPIAR = Iibiodendron Tulipifera | N

General Characteristicsa X

Minute Anatomy | :

Sapwood - Whitish, often variegated or striped.

Heartwood = Ranges from clear yellow to tan or greenish
brown, often marked with shades of purple, g
dark green, blue and blacke _ ;

Wood - No odor or taste, atraight grained, moderately E
lighte. S.G. 0.38 green, 0.43 ovendry. Moderately ;
goft. .

Growth Rings - Distinet

Poras - Not visible without a lens, wood diffuse, porous.

Parenchyma - Marginal, the 1ine plainly visible to the

Rays -~ Diatinct to the naked eye.

Vessels - Moderately numerous to numerous, the largeat
small to medium.

Parenchyma - Several, seriate. i1

Piber Tracheids - Thin to moderately thick walled, medium
to coarse. :

Rays - Unatoried or rarely somewhat storied. (3: 539-541)

naked eye. g
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BIACK WAINUT (Juglans Nigra)
: General Characteristics i
Sapwood - Whitish to yellowiah brown. In the trade commonly >

darkened by steaming or staining to match the
heartwood.

Heartwood - Light brown to rich chocolate or purplish
brown, the lighter shades from trees grown in ‘
the .open. | : 4

Wood - Mild characteristic odor ﬁhen worked, tasteless,
straight or irregular grained. Heavy, S.G. 0.51
approx. green, 0.56 ovendry. Hard.

T T

Growth Rinﬁa -~ Distinct, delineated through an abrupt
jTlerence in size between the pores of the outer
late wood and those in the early wood of the suc-
ceeding ring.

Pores - Scattered, those in early wood readin visible,
2 decreasing gradually in size toward the outer
3 margin of the ring. Tylos falrly abundant.

Parenchyma - Barely visible with hand lens, arranged in
fine, numerous, continuous, or broken
tangentral lines. |

o Rays-Fine = Indistinet without a hand lens.

Minute Anatomy

Vessels - Very few, the largest large to very large.

Parenchyma - Frequently crystalliferous.

Fibre Tracheids = Thin to moderately thick walled.

Rays - Ray-vessel pltting aimilar %o intervessel type. g
: (3: 497-498) o
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THE CHEMISTRY OF WOOD

Chemically, wood is not a single substance; rather it is
a complete aggregate of compounds, the nature of which is still
inadequately understood by wood chemists. (4:36)

It 1a convenient to segregate the chemical components of
wood into two major groups.

le Cell-Wall Components - These are chemical compounds
that form an Integral part of the cell walls of wood;
they are mainly organic in nature. The cell wall
components cannot be removed by the action of any
solvent without deatroying the physical structure of
‘'wood, (3: 721)

2., The Extraneous Components - These substances, also
called extractives and infiltration substances, are
not an integral part of the cell wall; they can usually
be removed by the use of a suitable solvent without
affecting either the chemical composition of the wood
substance or the physical structure of(the ce%l wall,
3s 722

THE CELL-WALL COMPONENTS OF WOOD

The organic cell-wall components of wood are of two gen-
eral classes; carbohydrates and the compounds known collec-
tively as lignin. The carbohydrates consist of cellulose and
hemicelluloses; the hemicelluloses, in turn, are composed of
pentosans, hexosans, and uronic acid - containing components.
Iignin constitutes the noncarbohydrate portion of extractive
free wood. It is a complex of noncarbohydrate material of
unknown chemical composition. (3: 723) -

CELL-WALL CARBOHYDRATES

Carbohydrates are chemical compounds, consisting of carbon,
hydrogen, and oxygen, that form the supporting framework of
plant tissue, including wood, in the same manner as proteins
make up the tissues of animals. Carbohydrates also are present
as reserve materials in plant cells and are therefore a source
of energy. (3: 724)

Cellulose -~ About 99 per cent of the dry weight of wood con-
8ists of cellulose and related substances, and of lignin. Cel-
lulose 1s a carbohydrate, as are sugar and starch; it conteins
the chemical elements carbon, hydrogenr, and oxygen; the hydro-
gen and oxygen beling present in the same proportions as in
water., (4: 38)
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Technlically, the term signifies the residues that result
when vegetable materials are pulped. Pulps are not pure
cellulose beczause they also contain variasble amounts of non-
cellulosic cell-wall constituents. Chemically pure cellulose
1s known as a polysaccharide, which is insoluable in water,
organic solvents, and dilute acids and alkalies. (3: 725)

Hemicelluloses - Those cell-wall components which can be
extracted from wood with cold or hot dilute alkalies and that
can be hydrolyzed into component sugar and sugar acids by
dilute acids. One type 1s represented by the polysaccharides"
which form a part of the system that encrusts and interpene-
trates the cellulosic framework of the cell wall. The other
type consists of cellulosans of noncellulosic polysaccharides
that form a part of the cellulosic fabric proper. (3: 723)

LIGNIN

Lignin is the organic noncarbohydrate portion of extrac-
tive-free wood; 1ts chemical and physical constitution is still
unknown in spite of more than a 100 years of extensive re-
search. (3: 730)

This 1s due in part to its extreme chemical complexity,
and to the lack of conclusive proof that the lignin separated
by chemlical means from the c¢ell-wall constituents with which
it 1s intimately assoclated, is identical with natural lignin.
The lignin in hardwoods 1s believed to be different structur-

ally from that in softwoods.

Lignin 1s composed of carbon (61-65 percent) hydrogen (5=6
percent) and oxygen (30 percent). It 1s the manner in which
these three elements are chemically united, and their propor-
tions, that makes lignin differ from cellulose. Lignin is the
major constituent remaining in woody tissues after the cellu-
lose has been removed. (4: 38)

Two methods of removing lignin from the other components
of the cell wall are:

{1l) +those which depend on the removal of the cellulose
and other carbohydrates, generally by means of a
strong mineral acld, leaving the lignin as an insol-

, uble residue; and

(2) those which are based on the dissolution of the lignin

| with an alkall or some other delignifying agent,
leaving behind the cellulose and the other carbohy-
drates that are associated with it (3: 734)
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The lignin content of softwoods ranges from 25 to 35

percent; that of hardwoods is usually lower, varying from

17 to 25 percent.

THE EXTRANEOUS COMFONENTS OF WOOD

These are substances which can be removed by extractlon
with neutral solvents such az water, alcohol, benzol, ether,
and choloform, or by volatilization with steame. They also
include substances which appear to be distinet from the cell
wall when thin sections of wood are examined with a mlcro-
scope. The natural durability of wood 1s closely linked with
the toxicity of its extractives. (33 737)

Extractives are grouped on the basis of chemical simi-
larities into; ,

(1) Volatile oils, resin acids, and fats

(2) Tannins and dyestuffs

(3) Carbohydrates
(4) Miscellaneous substances (3s 739)

;
9
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‘WOOD PRESERVATIVES

The primary objJective of the preservative treatment of
wood is to increase the life of the material in service, thus
decreasing the cost of the product and avoiding the need of

frequent replacements in permanent and semi-permanent con-
gtruction. -

Wood preservatives increase the resistance to decay, repel

the attracts of teredos and other live woodbores, and help to
retard fires.

A, Classes of wood preservatives:

le Oils, such as creosote and petroleum solutions
of pentachlorophenol.

Coal tar creosote -~ 13 the moat important
and most generally useful wood preservative.
Its advantages are:

a. high toxicity to wood destroying
organisms.

b. relative insolubility in water and
low volatility which impart teo 1t a
great degree of permanence under the
moat varied uase conditions.

c. eoase of application.

d. ease with which depth of penetration can
be determined.

e, general availabllity and relatively
low cost.

f. long record of satisfactory use (24: 400)

Pentachlorophenol solutions and copper naph-
thenate solutions -- these preservatives were
Tirat used primarily for surface applications.
The chlorinated phenols in volatile light-
colored solvents, such as mineral spirits,
were first used for window sash and millwork
that required a clean, nonsmelling and paint-
able treatment.

Service and fleld teats on wood treated
with petroleum oils containing five per cent
of pentachlcrophenol or copper naphthenate
equivalent to 0.5 per cent or more of copper

SRR
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metal show that these perservatives provide a
high degree of protection against decay fungi
and termites when the wood is properly
treated., (24: 404)

2. Water borne salts that are applied as water solu- .
tions.

Water borne salts -- Wocd preservatives used in
water solution include zinc chloride, chromated
zinc chloride, acid copper chromate, zinc
arsentate, and chromated copper arsenate. These
preservatives are employed principally in the .
treatment of wood for uses where it will not be
in contact with the ground or water or where the
treated wood requires painting.

Zinc chloride and chromated zinc chloride
are frequently used as fire retardants for wood,
but at retentions higher than those used only
for wood preserving purposes.

B. Preparation of Timber for Trezatment.
l. Peeling.

All timber should be peeled before seasoning be-
cause bark retards the drying of the wood,; harbors
insects, and favors decay infection in the sap-
wood (22: 33),

2. Seasoning.

For treatment with water borne preservatives by
certain diffusion methods, the wood should be as
green and as full of water as possible. For
treatment by other methods, however, and partic-
ularly for treatment with preservative oils,
sessoning before treatment is desirable (24: 410).

Some of the more important considerations in
air seasoning include speclies and size of timber,
proportion of sapwood, time of cutting, peeling,
climatic conditions, locality in which the timber
is seasoned, and method of piling (24: 32). It is
not uncommon in commercial practice to air dry
large timbers for 8 to 12 months.

Incising,.

Wood that 1s resistant to penetration by preserva-
tives 1s often incised before treatment to permit
deeper and more uniform penetration (22: 411).
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4. Cutting and Framing.

All cutting, framing, and boring of holes should

he done before treatment. Cutting into the wood -

in any way after treatment will frequently ex-

pose the untreated interior of the timber and

permit ready access to decay fungi or insects.
B ' (22: 411)

e T Cimar} £ P et

5. Conditioning Proceass

Frequently timbers must be treated without walting
for them to air season. This is necessary in some
[ cases because of unfavorable climatic conditions
; that make alr-seasoning a decay hazard, or because
¥ ! in other cases, rush orders make it necessary to
ﬁg treat the timbers soon after they are cut. When
?
|

T AT ey g e i s o oy

~green materlal i1s to be treated, it 1s customary

to control the wood by a special heat treatment so

that it can be penetrated with the preservative. B
The conditioning treatment generally removes a i
substantial amount of melisture from the timber and i
also heats the wood to a more favorable treating
temperature.

- ing have been extensively used in this country for - g
many years. One 1a the steaming and vacuum method, &
which 1s used mainly for southern yellow pine and i
to a less extent for other pines. The second is -3
the boiling under wvacuum or Boulton process, which | A
1s used mainly with Douglas fir and toc a limited }
3 extent, for western hemlock, western larch, and
4 some hardwoods. A third method, called vapor-
i drying, has recently come into limited uae, mainly
- for southern pine poles and hardwood ties (24: 39).

|

|

kf Two methods for accomplishing this condition-
-3

]

.C. Pressure Processes

The moat effective method of treating wood with
preservatives is by means of pressure. There are a H
- number of pressure processes, all of which employ the 4
same general principle, but differ in the details of 7
application. The timber to be treated 1s losded on R
tramcars, which are run into a large steel ¢cylinder. I
After the cylinder door is closed and bolted, pre- | a2
servative 1s admitted and pressure applied until the 18
required absorption has been obtained. Two principal
types of pressure treatment, the full-cell (Bethell),
and empty-cell (Lowry and Rueping) are in common | .
use (22: 1). : |
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l. Full Cell Process.

In making treatmentas with the so-called "full-
cell" or Bethell process, a preliminary vacuum

1s first applied to remove as much alr as
‘practicable from the wood cells. The preserva=-
tive 1s then admitted into the treating cylinder
without admitting alr. After the cylinder is
filled with preservative, pressure 1a applied
until the required absorbtion is obtained (22: 2).

2. Empty Cell Process

Two empty cell treatments, the Lowry and the
Rueping, are commonly used, both of which depend
upon compressed air in the wood to force part of
the absorbed preservative out of the cell cav=-
1ties after preservative presaure has been re-’
leased (24: 2).

A - The Rueping process uses compressed air
which is admitted to the cylinder and held there
until the fabric of the wood 1s thoroughly pene-
trated. Creosote 1s then admitted under a
slightly higher pressure, the air in the cylinder
gradually escaping. Finally, the pressure 1is
released when the air which was first introduced f
within the wood expands and drives out much of the i
excess creosote, -

e o s

The Lowry process difrers from the Rueping ;%
process in that compressed air 1s not employed. |
The Lowry process also aims to secure a deep pene-
tration of creosote with lesa oll than is required
by the full-cell process. The Lowry process is
extensively used throughout the United States.

A A ynn o s
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D. Nonpressure Process
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Nonpressure methods consist of:
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l. 'Supericial applications of preservative olls by
spraying, brushing, or brief dipping.

2, Soaking in preservative olls or steeping in
water solutions. |

& | 3. Diffusion processes with water borne preservatives.

4, Various adaptions of the hot and cold bath
process (22: 421).
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Teaching aid

. ' [ 4
-‘GLOSSARY OF TERMS

for
WOOD IDENTIFICATION AND CHEMISTRY

ANNUAL GROWTH RING--The growth layer put on in a single growth
year, including springwood and summerwood.

§ BARK-«Juter layer of a tree, comprising the inner bark, or thin,
" inner living part (phloem), and the outer bark, or
corky layer, composed of dr»y, dead tissue.

BISERIATE RAY--Ray consisting of two rows of cells, as viewed
i1n the tangential section.

CAMBIUM=--The one-cell-thick layer of tissue between the bark
and wood that repeatedly subdivides to form new wood
and bark cells.

CELL-~A general term for the minute units of wood structure,
including wood fibers, vessel segments, and other
elements of diverse structure and function.

CELL WALL--The well that encloses the cell contents; in a
mature cell it conslsts of several layers.

CELLULOSE--The carbohydrate that is the principal constituent
of wood and forms the frame work of thes wood cells,

CRYSTALLITES-~Regiona in the cell walls in which the cellulose
ls arranged in a highly ordered crystal lattice of
parallel chains.

DIFFUSE-POROUS WOOD--Certain hardwoods in which the pores tend
to be uniform in size and distribution throughout
each annual ring or to decrease in size slightly and
gradually teward the outer border of the ring.

HARDWOODS--Generally one of the botanical groups of trees that
have broad leaves in contrast to the conifers or
softwoods. The term has no reference to the actual
hardness of the wood.
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HEARTWOOD--The wood extending from the pith to the sapwood, the
cells of chich no longer participate in the life
processes of the tree. Heartwood may be infiltrated
with gums, resins, and other materials that usually
make it darker and more decay resistant than sapwood.

HEMICELLULOSE-=-Group of carbohydrates found in the cell wall in
more or less intimate association with cellulose.

LIGNIN=-=The second most abundant conatituent of wood, located
principally in the middle lamella, which is the thin
cementing layer between the wood cells. The chemical
structure of lignin has not been definitely deter-
mined.

PARENCHYMA--Short cells having simple pits and functioning
primarily in the metabolism and storage of plant food
materials, They remain alive longer than the tra-
cheids, fibers, and vessel segments, sometimes for
many years. Two kinds of parenchyma cells are
recognized, those in vertical strands, known more
gpecifically as wood parenchyma, and those in hori-
zontal series in the rays, known as ray parenchyma.

PIT-=A relatively unthickened portion of a c2ll wall where a
thin membrane may permit liquids to pass from one
cell to ancther. A "bordered" pit has an overhanging
rim that is not present in a "simple" pit.

PITCH POCKET--An opening extending parallel to the annual
growth rings containing, or that has contained, pitch,
either solid or liquid.

PITH--The small, soft core occurring in the structural center
of a tree trunk, branch, twig, or log.

POROUS WOODS--Another name for hardwoods, which frequently
have vessels or pores large enough to be seen readily
without magnification.

RADIAL--Coincident with a radius from the axis of the tree or
log to the circumference. A radial section is a
lengthwise section in a plane that passes through the
centerline of the tree trunk.

e
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RATE OF GROWT'H-~The rate at which a tree has laid on wood,
measured radially in the trunk or in lumber cut

R e e
st i

% from the trunk. The unit of measure in uase is
4 number of annual growth rings per inch,
RAYS OR MEDULLARY RAYS, WOOD--Strips of cells extending radi- y

A ally within a tree and varying in height from a few
A _ cells in some species ro 4 or more inches in »ak.
The rays serve primarily to store food and transport
in horizon%ally in the tree. Wood rays that
originate at the pith. '

RESIN PASSAGE (OR DUCT)--Intercellular passages that contain
and transmit resinous materials. On a cut surface,
they are usually inconspicuous. They may extend
vertically parallel to the axis of the tree or at
right angles to the axis and parallel to the rays.

RING-POROUS WOODS=-=-A group of hardwoods in which the pores are
comparatively large at the beginning of each annual
ring and decrease in size more or less abruptly
toward the outer portion of the ring, thus forming a
distinet inner zons of pores, known as the spring-
wood, and an outer zone with smaller pores, known as -
the summerwood.,.

SAP--All the fluids in a tree, special secretions and excretions,
such as oleoresin, excepted. '

SAFPWOOD=-~The 1living wood of pale color near the outside of the
log. Under most conditions the sapwood 1s more
susceptible to decay than heartwood.

SOFTWOODS~-~Generally, one of the botanical groups of trees
that 1n most cases have needlelike or scalelike
leaves; the conifers; also the wood produced by such
trees. The term has no reference to the actual hard-
ness of the wood.

- SPECIFIC GRAVITY OF WOOD (S.G.)--The decimal ratio of the oven
dry weight of a plece of wood to the weight of the
water displaced by the wood at a given moilsture 0
content,

SPRINGWOOD--The portion of the annual growth ring that is formed
during the early part of the season's growth, It is

usuglly less denase and weaker mechanically than summer-
woo0d .
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STORIED RAYS-~Rays arranged in tiers or in echelons, as
viewed on a tangential surface.

SUMMERWOOD=-=The portion of the annual growth ring that is
formed after the springwood formation has ceased.

It is usually denser and stronger mechanically than
springwoode.

TANGENTIAL=-=Strictly, coincident with a tangent at the circum-
ference of a tree or log, or parallel to such a >
tangent. In practice, however, it often means 5
roughly coincident with a growth ring. A tangential g
section is a longitudinal section through a tree or 2
limb perpendicular to a radius. Flatgrained lumber | é%&x
is sawed tangentially. B

TRACHEID=-=The elongated cells that constitute the greater part
of the structure of the softwoods (frequently re-
ferred to as fibers). Also present in some hardwoods.

TRANSVERSE=-=-Directions in wood at right angles to the wood
fibers, Includes a radial and tangential directions.
A transverse section is a section through a tree or
timber at right angles to the plth.

TYLOSES-=Masses of parenchyma cells appearing somewhat like
froth in the pores of some hardwoods, notably the
white oak and black locust. Tyloses are formed by
the extension of the cell wall of the living cells
surrounding vessels of hardwood or sometimes 1in a
similar manner by the extension of the cell wall
into resin-passage cavities in the case of softwoods.

UNISERIATE RAY=--Ray consisting of one row of cells, as viewed
in the tangential section.

VESSELS=-=Wood cells of comparatively large diameter that have
open ends and are set one above the other so as to
form continuous tubes. The openings of the vessels
on the surface of a piece of wood are usually
referred to as pores. Thev occur only in hardwood,

WOOD FIBERS=~Thick-=walled, tapering cells surrounding the
vessels, and constituting the greater part of the

wood tissue of the broadleaf trees. Wood fibers
give strength and density to the wood tissue.
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XYILEM=-~The portion of the tree trunk, branches, and roots
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that lies between the pith and the cambium,
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Teaching aid

-

CELL STRUCTURE OF A SOFTWOCD

f st e S b

- 4nmel Rinz mede up of early wood and late wood cells.

- Bordered Pits have their margins overhung by surrounding cell walls,
"R - Fusiform Wood Rays are rays having horizontal resin ducts.

D - Horizontal Resin Ducts found on end surfaces as fine white lines.,
- Middle Lamella is the cementing layer between all units.

- Represents a verticle plane along the radius of the trunk.

- Springwood cells &re the larger early wood cells.,

- Summerwood cells formed later in the growing period.

- Simple Pit is the unthickened portion of the cell wall,

- Surface at right angles to the radial or querter-sswed surfeace,

VRD - Verticle Hesin Duct.

- Wood Rays store and distribute horizontally the food material of the tree,

515

&
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U.S. Forest Service Research Nofe.
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Teaching aild

CELL STRUCTURE OF A HARDWOOD

Annual Ring usually sharply defines one years growth from another.
Wood Fibers are strength giving elements of hardwoods.

Pits afford means for the passage of sap from one cavity to another.
Middle Lamella cements all wood cells together,

Pores or Vessels for conducting sap.

A verticle plane of a surface cut parallel to the radius,

Spring wood or early wood.

Grating separating the ends of the individual cells in some hardwoods.,
Summer wood or late wood.

Horizontal plane corresponding to a minute portion of the top surface
of a stump or end surface of a log. |

Wood rays are strips of short horizontal cells that extend in a radial
direction which store food and distribute it horizontally.

, Porest Service Research Note.
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Teaching aid

WOOD IDENTIFICATION
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Name the parts of the tree trunk ,
Write the correct answer following the letter that corresponds

to each particular part.

Problem:
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Student lLab.

STUDENT LAB EXPERIENCE IN WOOD IDENTIFICATION

Purpose: To enable students to identify the various types of common soft-
woods and hardwoods. : |
1, After identification the student should study the character-
istics of this particular wood.
a. To determine if the qualities it possesses lend themselves
_ to his goeals.
b. To determine if it is esthetically correct.
c. To determine if the price is right.

1, Student should select samples of the various woods available.

2, Student should determine whether it is a softwood or hardwood.
a. Use various charts, pictures, diagrams, and other teaching

aids which are available,

(1), If student displays a desire to study wood identifi-
cation in depth, demonstrate microscopic examination
using Ripon Microslides.,

3. After determining whether wood is a hardwood or softwood, the
exact type shall be determined through the use of the media
which is available. |

L. Teacher will verify student identification.
a. If student makes wrong decision, teacher shall retrace stu-
dent's steps and help in final correct identification.

5., Student shall keep accurate notes on each specimen identified.
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Student Lab.

IAB EXPERIENCE

; Wood TIdentification Through the Use of Microslides
| and a Microscopse

I. Procedure

A. Obtain necessary materials and equipment.

8

l. Microscope
2, Key to wood identification
3, Microslides
a. Use the following microslides:
(Ripon)
W=-S9 Bald Cypress
W=55 Douglas Fir
: W~48 Ponderosa Plne
4 W-31 Sitka Spruce
4 | W-40 Short-leaved Plne
W=43 Sugar Pine ,
. W-57  Redwood ‘
i W-63 Western Red Cedar
E W-420 Basswood
W-92 Birch
W-212 Black Walnut
W-332 Cherry
W-76 Sugar or Hard Maple
W=75 Silver or Soft Maple
W=-360 Red Oak
W-350 White Oak
W-232 Yellow Poplar
b. Only the slide number is to be visible.

SN s S AT T

B. Using the key the student will separate the
slides into two groups.

1. Soft woods
2, Hard woods

C. Usaing the key the student will identify the
various kinds of soft woods and hard woodse.

5 D. The student will keep accurate notes on his
E identificatlons.

E. The student will bring results to the teacher
for verification,.
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t

l, If student has made an error, the teacher
will retrace ateps in ldentification to
discover where atudent went wrong.

Fo Verified results shall become part of atudent
note booke

END | RADIAL

T ANGENTIAL
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Hand out sheet

CHARACTERIST‘ICS_ OF MANY COMMON WOODS

ompar- Hand- esist- | Wood
ative tool Nail- | Relative | General | ance to | finish-
Species weiglits' Color’ working | ability’ | density |strength'| decay’ ing' Cost’
Hardwoods' :

Apitong Heavy Reddish brown |Hard Poor Medium | Good’ High Poor Medium high
Ash. brown Medium | Light brown Medium | Medium | Hard Medium | Low Medium | Medium
Ash. tough white Heavy Off-white Hard Poor Hard Good Low Medium | Mediuth
Ash, soft white Medium | Off-white Medium | Medium | Medium | Low Low Medium | Medium low
Avodire Medium | Golden blond Medium | Medium | Medium | Low Low Medium | High
Balsawood Light Cream white Easy Good Soft Low Low Poor Medium
Basswood Light Cream white Easy Good Soft Low Low Medium | Medium
Beech Heavy Light brown Hard Poor Hard Good Low Easy Medium
Birch Heavy Light brown Hard Poor Hard Good Low Easy High
Butternut Light Light brown Easy Good Soft Low Medium | Medium | Medium
Cherry. black Medium | Medium reddish | Hard Poor Hard Good Medium | Easy High

brown
Chestnut Light Light brown Medium | Medium | Medium | Medium | High Poor Medium
Cottonwood Light Grayish white Medium | Good Soft Low Low Poor Low
Eim, soft. northern Medium | Cream tan Hard Good Medium | Medium | Medium | Medium | Medium low
Gum. red Medium | Reddish brown | Medium | Medium | Medium | Medium | Medium | Medium | Medium high
Hickory. true Heavy Reddish tan Hard Poor Hard Good Low Medium | Low
Holly Medium | White to gray Medium | Medium | Hard Medium | Low Easy Medium
Limba Medium | Pale golden Medium | Good Medium | Medium | Low Medium | High L
Magnolia Medium | Yellowish brown | Medium | Medium | Medium | Medium | Low Easy Medium "o
Mahogany. Honduras ; Medium | Golden brown Easy Good Medium | Medium | High Medium | High ;-
Mahogany. Philippine . Medium | Medium red Easy Good Medium | Medium | High Medium | Medium high 3
Maple. hard ! MHeavy Reddish cream | Hard Poor Hard Good Low Easy Medium high 5’
Maple. soft . Medium | Reddish brown | Hard Poor Hard Good Low Easy Medium low :
Oak, red (average) . Heavy Flesh brown Hard Medium | Hard Good Low Medium | Medium
Gak. white (average) ., Heavy Grayish brown - | Hard Medium | Hard Good High Medium | Medium high
Poplar. yellow Medium | Light to Easy Good Soft Low Low Easy Medium

! dark yellow
Primavera . Medium | Straw tan Medium | Medium | Medium | Medium | Medium | Medium | High
Sycamore Medium | Flesh brown Hard Good Medium | Medium | Low Easy Medium low
Wainut. black | Heavy Dark brown Medium | Medium | Hard Good High Medium | High
Willow. black Light Medium brown | Easy Good Soft Low Low Medium | Medium low
Softwoods’
Cedar. Tennessee red ; Medium | Red Medium | Poor Medium | Medium | High Easy Medium
Cypress ; Medium | Yellow to . Medium | Good Soft Medium | High Poor Medium high
| reddish brown :

Fir, Douglas ‘ Medium | Orange-biown Medium | Poor Soft Medium | Medium | Poor Medium
Fir. white . Light Nearly white Medium | Poor Soft Low Low Poor Low
Pine. yellow longleaf | Medium | Orange to Hard Poor Medium | Good Medium | Medium | Mediurn.

reddish brown
Pine. eastern white | Light Cream to Easy Good Soft Low Medium | Medium | Medium high

(Pinus strcbus) ‘ reddish brown

Pine. ponderosa Light Orange to Easy Good Soft Low Low Medium | Medium

reddish hrown _
Pine. sugar Light Creamy brown | Easy Good Soft Low Medium | Poor Medium high
Redwood! Light Deep reddish Easy Good Soft Medium | High Poor Medium

brown
Spruces (average) ! light Nearly white Medim | Medium | Soft 1 low | ow Medium | Medium
' Kin dried wepht. ' Mo wond will decay uniess seposed 1o s ' Prices for best prade.
P Meartwand  Sap s whitish tare Hevgntane e 1o decay sslimalo refers only N et hnaning troe
s Comparative «phtting  teadeacios, ta heartwood TGone st neotle beanng tebes
s Combined brading and compreaegve stoeapth “fase of hmshmn with clear finishes.

%
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Hand out sheet

IDENTIFICATION CODE SHEET

HARDWOODS
A. Ring Porous

1. Hickory

2. Black Walnut
Se Ash

4, White OCak

5. Red Oak

6. Teak

.B; Diffuse Porous

l. Red Gum (Sweet Gum)
2. Cottonwood

3. Limba (Korina)

4. Cherry <

5. Afromosa

6. Hard Maple

7. Soft Maple

8. African Mahogany

9. Birech

SOFTWOODS
A. Resinous

l. Douglas Fir

2. Southern Yellow Pine -

3. White Pine |

4, Sugar Pine

5. Ponderosa Pine (Western Yellow)

B Non-=-Resinous

1. Eastarn Red Cedar
2+ Redwood '

L
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Hand out sheet

A crogs~section detall of a log listing the easily
rgcognézed parts as distinguished from the minute anatomy
of wood.

ANNUAL RING
SPRING- | SUMMER
WOOD —1+~ WOO

.\

\

b~ ¥ __J
R
W

0 9uuuu1m0|.
i 0 SECTION 0
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) CAMBIUM
«OUTER  INNER, RAYS

™

BARK

Wood 1is usually identified from three different planes
of a section of wood. The face that 1s exposed when wood
is cut or sawed at right angles to the grain 1s the transverse
surface or cross section. The end grain i1s visible in this
plane and is the surface moat often used in wood identifica-
tion. The radial and tangential surfaces sections are at
right angles to the transverse surface. A truly radial
section would pass from the bark through the pith cf the
tree, following a radius of a cross section of the log. The
tangential face of wood is exposed when the bark 1is peeled

from a tree.
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- INTRODUGTION

. The authors of thlis report have extended efforts at
summarizing four areas under the report title "Seasoning".
The words seasoning and drying will appear frequently
throughout this report. To many people perhaps, seasoning
means something more than drying; the majority may reply that
some form of maturing process is implied as well as drying.,
Sclentific investigatlons have porirayed that for all prac-
tical Eurposes there is no difference between a single plece
of wood seasoned over a period of years ané another plece
dried for as short a duration of time as a few days. By
means of chemlcal analysis slight differences can be detected,
but thelr effects on the mechanical and physical properties
?f ti?ber can be neglected due to thelr insignificance
1:1). '

= L -
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For the purpose of this report, therefore, the words
"drying" and "seasoning" can be regarded as synonymous and
are used as such,
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CHAPTER I
- PROPERTIES OF WOOD RELATED TO DRYING

Green timber, timber 1n the growling tree or in the tree - 5

lmmedlately after 1t is felled, contains considerable quanti- 3
‘ties of water, commonly called sap. Although sap contains : f
some materlals in solution, we need only concern ourselves :
here with the water. The moisture is present in green timber
"In two forms: It fills or partially fills the cell cavities

(free water), and it is present in the cell walls (bound wa-

ter). A green beech log six feet long and eighteen inches

%n di?meter may contain as much as 36 gallons of moisture

1:3 ' ' ‘

The amount of molsture contained within a given plece of
wood 1is spoken of as lts moisture content (MC), and is express-
ed as a percentage of the oven-dried weight of the wood. The
oven-dried w2ight will be spoken of more in detail later on in 1
this report. Molsture content may vary within the same species
?gz as ?uch as 30 to 300 percent among different species :
24 :311)., | :

" &y
|

~Wood beglns to dry on its outer surfaces, those exposed
to the alr, and dries toward the interior. 1In drylng, the .
surface fibers of the heartwood of most species attain mois-
ture equillibrium with the surrounding atmosphere almost as
Soon as drying beglins, and at this time a moisture gradient
begins to develop ( 4:10). If the air circulates fast enough
to evaporate the water as it moves to the surface of the wood,
the surface fibers of sapwood also will tend to reach a bal-
anced state in respect to the surrounding drying atmosphere
very early lin the drying process. A much longer time is re-
quired for the surfaces of sap j0d to attain equilibrium how-
ever, 1f alr clrculates too slowly.

Molsture moves, as a liquid or a vapor through several
kinds of passageways which make up the internal structure of
wood; cavlities of fiber and vessels, wood ray cells, pit cham-
bers and their pit membrane openings, resin ducts of certain E
‘softwoods, other intercellular spaces, and transitory cell- E
wall passageways ( 4:11). Most of the meisture lost by the :
wood, however, moves through its cell cavities and its small
openings 1n the cell walls. Moisture will move longitudinally
as well as laterally with the lighter woods generally drying - -
more rapldly than the heavier woods. ' , . o
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When green wood begins to dry capillary action takes
place. Water is evaporated from the surface of the board
which exerts a pull on the free water under the surface
Wwhich In turn causes water toc flow. Molsture 1is alsc made
to flow by another force known as diffusion; differances in
relative humidity and moisture content between the surface
and the interior, and simultaneous diffusion of water vapor
and bound water. ©Diffuslion is a slow process when compared
to capillary action ( 4:11-12).

Most of the moisture 1s removed from the. wood durilng
the drying process by lateral diffusion; depending to a large
extent on the thickness c¢f the cell walls and theilr perme-
abllity and also on specific gravity where the rate of dif-
fusion decreases as specific gravity increases. Therefore,
the more permeable woods dry faster than the less permeable
ones ( 4:12).

The tree's sapwood usually dries faster than its heart- i
wood both by diffusion and by caplllary action when drying
conditions are the same; believed to be due to the fact that
extractlives plug the small cell wall openings of the heart-
wood ( 4:12). When the heartwood looses 1ts moisture faster 2
than the sapwood, as 1in some specles, the initial amount of E
moisture contained in the heartwood is much lower than that g
of the sapwood.

As wood dries, the moisture first leaves the cell cavi-
tles., When the cavitles are emptied the water is then con-
talned within the cell walls themselves. This point in the
drylng process 1s called the "Fiber Saturation Point". The
moisture content at this point is approximately 30 percent
for all woods, .

As wood continues to dry the molsture contained within
itself will tend to balance itself out with that in the atmo-
sphere which surrounds it., The moisture content at this point
is called the equilibrium moisture content (EMC). The equili-
brium moisture content That timber will attain under any given
circumstances 1s influenced by its previous state. If it con-
tained more molsture before, 1t will reach equilibrium at a
higher moisture content than it would if it was dryer and had
to absorb moisture. This hysterslis effect, to be explained
more fully, affects the shrijkage and swelllng of lumber and
is dealt with considerably 1a the seasoning of lumber.

The determinatlon of molsture content is largely held to :
two methods. The most expedlent and conventlonal met'o0d is
the electrical method whereas probably the most exacting but
slower method 1s the oven-dried method., See worksheet on
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In determining a wood's moisture content via the
electrical meter method, a careful selection of a reliable o
meter to purchase is of primary importance., The electricsl g
properties of wood such as electrical resistance, dialectric
constant, and power loss factor are made use of when using

- the moisture meter (24:320). To obtain accurate readings,
manufacture's specifications as to use and maintenance
should be carefully adhered to.

Listed below are several reasons why lumber and other
wecod products must be dried. These reasons would be depen-
dent on the species and the use to which it is put.

l. It must be dried so that shrinkage and change in
shape will be at a minimum after it 1s fashioned into shape.

2. Green wood is heavy and drying will minimize the
cost of shipping. Also the space required will be lessened
for the same volume of wood. |

5. Certain kinds of stain and mold will attack green
1 lumber if it 1s not properly handled immediately after cut- .
g; ting; for example blue stain on pine. :
4. Lumber must be drled to meet customer demand.
5. Saw mllling is generally carried 6n at certaln sea-
sons whereas lumber markets are likely to demand lumber
throughout the entire year. Therefore, lumber storage yards ;
are used to store the lumber in order to keep the market 1
-regularly supplied. , : ‘ ;
E . 6. Wood that is to be painted must be well seasoned %o ?
$ best prevent blistering and peeling. - S g
- ' o 1
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Exy s

CHAPTER II

AIR-DRIED LUMBER

A good definition of air seasoned lumber might be:
"Lumber that has been properly yard piled through a whole _ <L
active drying season and has reached a speclflied moisture B
percent”" ( 8:1). a4

There are many factors that influence alr drying such
as temperature, percipation, humidity, season of the year,
topography of thne land, location, management of the yard,
method of piling, specles of wood, nearness to large bodles
of water, and air circulation. These things must be taken
into consideration when alr drying lumber.

The principle of air drying 1s to have the molsture
rass over the green lumber, absorb the moisture, and carry
it away. Any air that is below 100% relative humldity
possesses the ability to complete this functlion. The alr
passing over tne pile is cooled by picking up moisture given
off from the seasoning lumber., The drop in temperature causes
an increase in the relative humidity in the alr. The result
of this condition causes the loss in ability for any further
drying of the lumber. To compensate for this loss the ailr
must be removed and a fresh supply brought in to reduce the
drying cyele (15:2). This supply 1s accomplished by the -
natural horizontal and vertical alr movement.-

Vertical movement, which is generally downward, ls
caused by the increase in density of the air within the
piles as it 1s cooled. Horlzontal ailr movement withlin

- the piles is induced by this difference in pressure be-
tween the two sides of the pile caused by wlnds (15:2).

—— p—— T
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The moisture content which lumber in the alr drying
pile will assumé depends upon the molsture con.ent of the at-
mosphere. Wood will give off or take on molsture from the
surround ing atmosphere untll the amount of moisture 1n the
wood balances that of the atmosphere. When this point 1is
reached it 1s expressed as equilibrium molsture content.
Moisture content varies from one section of the country to
another depending upon the climatic conditlons (24:311).

Lumber may be cut and plled any time of the year and 1t
" will start to cure immediately; but only from April to October
is the temperature high enough and the humidity low enough to
carry on rapid drying to a low moisture percent. The Forest
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Products Laboratory recommends this percent be from 127%
to 15% (24:325). '~ |

It is not possible to control the temperature, relative
humidity, and ailr circulation, in alr drying, the way these
factors can be controlled in the kiln drying process ( 2:179).

SURFACE ' | :

Tt is of the utmost importance that the ground, where
the lumber is to be stored, be kept free of any forelgn ob-
jects such as weeds or scrap lumber debris. Vegetation has
been proven to hold back the flow of proper circulation need-
ed in the drying process and could cause blue staining and
decay to the lumber, '

Treatment to impede the growth of vegetatlon may be
gravel, used oil, crushed rock, shells, or weed killers. It
is recommended that the alleys where the fork 1ift truck tra-
vels be paved with black top to lmpede the weed growth and
help reduce maintenance on the machinery (15:4).

FOUNDATION
4 Lumber that is air dried is put on foundatlons which
3 hold the lumber off the ground. It ls necessary that the

foundation be of very strong materlal and also be able to
resist organisms that attack wood. Some of the materials
used in construction of foundatlons are heartwood beams, bricks,
concrete, and steel I beams. | ' |

Foundations are recommended to be constructed so that
they slope from front to back as this provides good dralnage
from rain or meltling snow.

Today, most of the larger mills are making permanent
roofed builldings with permanent foundations thus making it
?asieg to)remove the dryed lumber with a fork 1ift tractor

2:1 O-l ' ; ’ » '

STACKING | : ,

It is recommended that lumber be stacked according %o
species, thickness, wldth, length, and grade., An example
of this is "One inch red gum which needs rapid drying to pre-
vent blue stain, unless dipped in an anti-staln solution,
while one inch southern oak needs a more moderate drying
condition as it 1is susceptable to checking" (15:8). In add-
ition to like grade, species, and thickness the Forest Pro-




ducts Laboratory recommends that the lumber be SOrted into
pilles of 1000 to 2000 board feet to ald in handlling 1f the
lumber is to be further dried in the kiln process,

It is desirable that the lumber stacks be square on the
ends and arranged neatly so that one board does not affect
the circulation of air to the rest of the plle. The stacks
should be standard lengths so that combinatlons of shorter
lengths can be used to complete the stack (15:8).

When very rapid air drying is required end plling, end
racking, and crib pliing are often resorted to in place of the
. more conveéntional flat piling. These methods permit more
rapid drying than flat piling but have certaln disadvantages.
Warping, checking, and the requirement of more yard space are
some of the disadvantages to these systems ( 2:186).

STACKING OPERATION

The majority of the cut lumber is hand stacksd soon after
i1t has been cut to size. Today with the increased use of a
straddle or fork 1ift itractor modern lumber mllls are now
stacking the green lumber in plles dlrectly from grading, or
the sorting chain, and then transported to the storage site.

The stacking is usually done with the aid of a stacklng
jig. The lumber is laid out with small alr spaces between
the boards and after a layer 1s fllled out and spaced proper-
ly, wood slats are positioned across the layer, These slats
are called stickers or crossers. The stickers provide the
proper space between layers of lumber so that alr may circu-~
jate through the entire stack. It is lmportant that the

stickers be spaced evenly as this wlll help prevent drying
defects (15:13-14), | |

SHELTER 4

Most lumber men comnstruct a roof on thelr better grade
lumber stacks in order to provide protection from the sun and
precipitation, thus reducing degrade in the lumber during the
drying period. ‘

The roof is most commonly constructed from two layers of
low grade lumbver. The roof should extend at least two feet
in front and in the rear of the plie with a pltch to send the
run off water tc the rear of the stack. See Figure I.
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FIGURE 1

R T

: The lumber is one inch boards piled in April with .

| spacing of two inches between the boards. The pile 1is

5 approximately 12 feet wide, 16 feet high with no central

‘ The time necessary to dry to: ]
25% moisture 18% moisture 4

i ‘Ao 2 weeks ‘ o 2% weeks

: B. 3 weeks S 4 weeks

1 c. 4 weeks . | T weeks

3 D. 8 weeks 12 weeks

E E, 20 weeks 27 weeks
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Many lumber mills are now constructing permanent shel- ;
ters in which to store their lumber. Commercial roof pro- :

ducts such as rolled roofing, shingies, and corrugated :
sheet metal are being used in tha construction cf these new
storage shelters (15:15-18).
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CHAPTER IIi

KILNS AND KILN DRYING

HISTORY OF KILN DRYING

Throughout history many uses for wood have  been found
by man, Time and experiernce has taught “‘m the* 1f wood"
was exposed to the elements of nature for a loig period of
time he co:ild shape it with tools into useful products with-
out fear of it changing shape or pulling apart. He also
discovered, even though large pieces of lumber were exposed
to outside drying for many years, they still lacked suffl-
cient drying to prevent checking or shrinkage, thus spolling
his completed project.

Man had an idez to bring wood into his workshop early
and let it get conditioned to the shop thus helping reduce
splitting after carving it into shape.

The next step man did to conquor hils development in
the seasoning process was the placing of the wood in rooms
through which the smoke from fire passed. While the wood
was always air seasoned before the start of thls process,
the drying was speeded up greatly, but man had the problem
of blackened lumber,

With the advent of steam and hot air furnaces princi-
ples were applied to the drying of lumber and lumber pro-
ducts. Consequently, lumber men began to develop the modern
kiln principle. The development of drying lumber occuring
soon after the Civil War emvloyed the use of steam colls and
chimneys enabling the escape of the moisture. The term kiln
was applied to this process as they literally baked or kllled
the 1life of this wood (15:11).

WHY WOOD MUST BE KILN DRIED

Kiln drying accomplishes several useful purposes which
are indispensable. Kiln drying green or wet lumber at the
sawmill or lumber yard is practiced for one or more of the
following reasons: .

1. Quickly prepares the lumber for market,

2. Reduces its weight for shipping.

3., Prevents molds, stains, and lnsect attacks.

4, Saves the cost of long periods of dryling in the open

alr, 2
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5. Helps prevent splitting, surface checking, and warp-

ing which are prevalent in alr-dried lumber.
6. Meets the consumer market demand.
7. Lowers the molsture content to a lower molsture
- percent than can be obtained by air drying.
8. Helps make gluing and varnishing successful,
9. lMakes proper machining possible (15:112).

As in the air seasoning process, the kiln drying re-
duces the welght, prevents insects and fungl attacks, but
its prime purpose l1ls to conditlon or cure the stock so it

will net shrink, swell, or warp after it has been constructed

into the finished article (15:112).

KILN TYPES AND FEATURSS |

Lumber dry kilns are commonly classified on the basis
of the charging methods. Kllns are classified as elther
progressive or compartment type kilns. The kilns ~ontain
one or more chamkters in which the alr can be clrcuiated a-
round the wood being dried. In the kiln drying process the
tenperature and humidity of this air can be controlled man-
ually or automatically by the control of the wet-dry bulb
temperature system ( 2:1).

Good k1ln design is lmportant to the operation and
drying efficlency. A well designed kiln of either major
type will dry the lumber to a molsture reading of 3 to 15
percent in a reasonably short time depending on the specles
and size of the lumber being dryed ( 2:1). '

PROGRESSIVE KILN

The progressive kiln can be compared to an electrical
cilrcuit, as it comrpletes a gliven path, The kiln bullding
1s an enclosed structure with large doors at ezch end,

The green or wet lumber 1s stacked 1n packages and
placed on a cart which in turn travels on a track system
through the kiln. This cart is referred to as a truck.

The truck of lumber enters the front door and works slowly
to the rear or back door., ZEach time a load 1s removed from
the kiln it is taken from the rear entrance and a green

load is replaced in the front entrance, representing a pro-
gression with lumber to be dried proceeding a step closer

to the finished end. The dryling conditions of this type of
kiln are less severe at the finish end, Thls 1s accomplish-
ed by having more heating coils at the front end where the

higher dry bulb reading is desired ( 2:1).
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One major draw back to this type of kiln is that you
must have a constant supply of lumber entering the kiln to
keep the progression moving or vold spaces will developD 5
in the kiln. Vold spaces represent a loss to the operator
as the whole building is being heated during this process.
Another disadvantage 1s the inability to mix different , | B
charges of lumber containing different specles of wood.
An example would be that a load of pine could not be 1in-
termixed with oak as the drying schedule requirements are
not the same for the two woods. = -

This system works best where the lumber mill is'drying
one major specles of timber.

COMPARTMENT KILN

The compartment kiln is like a 4-5-6-7 stall garage
in which the kiln may have single doors on the side or large
doors at each end in which to load or unload the lumber.

This type of kiln is usually charged all ai one time
and the lumber is stationary until removed, Some of the.
compartment kilns do not use the track with trucks as used
in the progressive kilns but have constructed foundations
for the lumber to rest on.. These kilns employ fork 1lift
tractors to load and unload the lumber packages ( 2:1).

Some of the advantages of the compartment klln are
that the kiln operator may partially fill the kiln with
lumber, and he may also mix the kiln with different species
of lumber. '

KILN CONSTRUCTION v

A great many bullding materials have been tried for
construction of kilns, but through continued research the
most sultable materials have been found to be wood, con-
crete, concrete blocks, brick, and terra cotta tile., Dur-
ing the past few years the employment of sheet metal, es-
pecially in the constructlon of prefabricated kilns, has
been extensive. o | = -

The prime requirements that must be considered 1n the
construction of kilns are: - .

1. Physically strong enough to support the lumber
load and heating-circulation equlpment without mechanical -
failure., | S | A

o, Construction must be such that the kiln will not-dis- 3
intigrate through the action of deterioration, organism, 3
or corrosion, :
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/3 3. It must be well insulated tc prevent heat loss as
3 " thils factor will cause excesslve operating costs, :
4, It must be of fireproof comstruction (24:187).
5. The kiln should be protected with asphaltum paint
to retard the constant corrosive action on the metal parts
as well as the motor, ' .

THE DRYING PROCESS |
The three interlocking fundamental factors in drying
are circulation of air, heat, and relative humidity. ZEach ,
of these factors must be present in the proper proportion
or an unbalance in the operation will develop ( 8:164).

A
o

. Mr. O.W. Torgerson stated four major functions of cir-
culation of alr be considered in hls booklet Circulation
of Alr in Lumber.. They are:
— 1,7 To distribute heat uniformly throughout the kiln

and maintain a unliform temperature,

2. To carry away the evaporated molsture from the
1 board surface.

3. To provide a means of mixing and conditioning the
alr before it enters the load.

4, To carry heat away from the heating coils and thus
increase the heat transmission rate (21:1-2).

08
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Methods used to produce circulation of air are natural
(action of gravity) and mechanical. Since the gravity
system 1s slow 1t may be speeded up with the aid cof fanms,
Fans not only speed up the drying process, but they also
may be reversed to permit the uniformity in dryling the re-~
verse side of the load ( 2:208).

The second indispensable item we must conslider is heat.
The heat 1s generally supplied through steam or hot air
systems. Generally, most kilns are equipped with the steam
heating system. ' ~ '

The steam travels through colls of pipe either on the
wall or near the underside of the roof with blowers to force
air down, across, and through the lumber loads.

‘One prime factor 1s the necessity for the temperature
not to vary over several degrees in a kiin. Booster coils
are often placed between loads, especially in a double track
compartment kiln, in order to reheat the cooled air that has
passed through a load of drying lumber so that the alr may -
keep a constant even temperature in the kiln ( 2:200).
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| The relative humidity controls the rate of evaporation
of the air. Relative humidity 1s the amount of molsture 1n
the air at auy given time as compared to the quantity 1t 1is
capable of holding when saturated at the same temperature,

Relative humlidity is always given as a percent., An
example of this is if air is to contain fifty percent re-
lative humidity it has only one-half of the moisture it 1s
capable of absorbing at that temperature,

Since hot air will hold more moisture than cold air
we can regulate the rate of evaporation from lumber by
simply controlling the relative humidity of the alir sur-
rounding the lumber, -

The relative humidity can be controlled in two ways.
The first is dry steam may be added to ralse the relatlve
humidity in the kiln. The second factor 1is, if alr in the
X1ln becomes too moist it 1s replaced with the drier out-
side air. ( 2:208), ~

KILN OPERATION

A kiln schedule is a carefully worked out set of dry-
buldb and weit-buldb temperatures which the operator can use to
season a specific wood at a satisfactory rate wlthout caus-
ing objectionable drying defects. Schedules may be classi-
fied as general and special, General schedules cover the
entire range of drying conditions mormally used in dry killns.
Special schedules are those developed to attaln certain dry-
ing objectives; for example, to reduce drying time, dry
chemically treated wood, or maintain maximum strength for
special uses,

Rapid drying is achleved in kilns by the use of high
temperatures and low humidities. Improper drying conditlons
may lead to drying defects. .

- Hardwoods generally take a longer time, than softwoods.
Many of thelr uses critically depend on drying defects and
moisture content. Hence their schedule 1s based on mois-
ture content.

Satisfactory time schedules have been worked out by
industry for repeatedly drying softwood ltems of a very

-~ uniform character in the same type of kiln. The general

schedules are conservative enough to produce stock with a
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minimum of dryirng defects in a reasonably short time ( 5:117).

Tn order to maintain the correct readings samples are
placed at given spots on the lumber load. These samples
are checked at various intervals of time to assure proper
drying conditions are maintained 1in the kiln.
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CHAPTER IV

SPECIAL METHODS OF SEASONING WOOD

Research regarding the seasoning of lumber by methods
other than the alr and kiln drylng processes 1s a continuous
development, Following are some of the speclal methods of
seasoning which have been developed or are presently being
researched,

1., High Temperature Drzin§ was used durlng World War I
in the Pacific Northwest., Rapld drying rates were accom-
rlished with some softwoods being dried to 10% moisture in
24 hours at drying temperatures as high as 2300 F. in an at-
nosphere of steam, The relative humidity of the _.team was
regulated by controlling the dry-buldb temperature and main-
‘tailning a wet-buldb temperature at the boiling temperature of
water %2120 F.). This method is applicable to such soft
woods as one=-inch Douglas-fir, true firs, western hemlock,
ponderosa pine, southern yellow pline, basswood, and sapwood
of sweetgum, Research has shown this method to be desirable
for seasoning hardwoods or for softwoods that have a tendency
to collapse (10:1).

One of the major disadvantages of the severe drying - .
conditions was the rapild deterioration of materials used in -
kiln constructlion., Because of this the use of super-heated-
steam kilns was discontinued in the United States. Today
these kilns are primarily manufactured in Germany.

2., Infrared Radlation has been found to be impractical
in most instances for seasoning of wood., To apply infrared
radlation to all surfaces of each board would require the
single-flle, board by board passage of the lumber through a
tunnel on a traveling chain. This would be a highly im- |
practical and costly method that would have to compete in out-
put with commonly provided kiln capacities of 20,000 to 60,000
board feet that are standard in the process of drying lumber
by heated air (31:4). |

Relative humidity must %2 controlled within the desired
limits at the surface of the wood. This is impossible when )
the surface of the wood 1s heated to a temperature greater '
than that of the surrounding air because the wood heats the
ad Jacent air layer and thus lowers the relative humlidity at
the wood surface. Thls 1s the problem with the infrared rad-
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8 - dation method of seasoning,

Thin stock such as veneer must have pressure applied
through the use of springs, rollers, mesh, or plates to
prevent wrinkllng and buckling during drying. In drying
with infrared radiation the restraining mechanism would
interfere with the application and distribution of heat,

| Even though practical applications were found for
the dilfficulties of using infrared radiation for the
seasoning of wood, the cost of electricity would be
reater)in most localities than the cost of steam
11 :1‘2 °
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, 3. Yacuum Drying of Wood was developed by Charles
Howard who was granted a patent for the vacuum process in
1893, Many other processes have been proposed for using a
vacuum to season wood, But no vacuum process for drying
lumber has come into use either here or abroad, except the
steaming and vacuum process to treat poles and other pine
- timber prior to the preservative treatment. Positive re-
sults have been obtalned using small experimental vacuum-~
drying equipment, but presently there are several reasons
why this process 1s not practical at this time (23:1).

There is a large cost factor because of the expensive
equlpment required and also the woods which dry rapldly in a
vacuum also dry fast in a kiln,

2 The use of a vacuum alone 1s not effeetive for
g rapldly drying wood. Drying of wood involves two pro=-
cesses, movement of water to the surface of the wood and

removal uf the water from the surface. A vacuum main-
tained by continuously withdrawling the vapors from the
drying chamber materially alds removal of the water fronm
the surface for a short time, but considerable heat is

. required to evaporate the water. The evaporation of wa-
ter from wood in a vacuum quickly cools the wood so that
the evaporaticn becomes very slow in spite of the vacuum, .
Furthermore, except at the very start, the rate of dry-
ing of wood is governed by the rate of moisture movement
from the lnterior to the surface. A vacuum has very 1lit-
tle effect on the rate of moisture diffusion through wood.
The vacuum processes proposed for drying wood, therefore
have lncorporated some means of heating the wood before
the vacuum is applied. Hot airs, hot water or other 1li-
quids, and steam have been used for heating (23:1-2).
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4. Solvent Seasoning and Presteaming Seasoning Methods

have been used experimentally in the redwood industry. Red-~

wood requires the longest drying time of any commercial soft- *
E wood species and thus represents a major problem in the man-
g ufacturing process. Millions of board feet of lumber are
tled up im the air drying yards representing a large capital
lnvestment., Consequently, the redwood industry has done much
experlmenting with accelerating the drying of redwood.

One experimental method used is solvent seasoning
using acetone as an extractant, proved in Pilot test runs
to be a rapid method of removing water and some extrac-
tives from redwood, thus minimizing stain in the dried
‘materlals and yielding the extractive as a chemical by~
product (19:5).

The presteaming treatment was also used successfully
to, increase the drying rate of lumber in air and kiln
drying. The reduction in drying time was explained part-
ly by direct expulsion of water, rapid vaporization of
molsture during the cooling period after steaming, and
presumably an increase in the permeability of wood (19:5).

5. Boiling in 0ily Ligulds can be used to rapidly dry
wood, The liquid must be maintained at a temperature high
enough to boil off the water. This process was patented by -
Curtls and Isaacs in 1895 and has found limited use in drying
cane blanks and small tools handles. A modern modified pro-
cess makes use of a vacuum which speeds up the process. This
process has been used extensively to condition, but not to
fully season timber prior to preservative treatment ( 3:1).

In the simple boiling in o0il method the wood is submerged
ln a water repelling liquid, such as petroleum oll, creosote,
~or molten wax which has a boiling point conslderably above
that of water. The liquid is gradually heated until the .
temperature of the bath is somewhat above the boiling point
of water. Some of the water in the wood is turned into vapor
or steam. The steam comes to the surface of the wood and
boils off. As the water near the surface boils off, more va-
] por 1s formed in the wood and diffuses to the surface. While
E there is bulk water in the wood cells, the boiling is very ra-
pld for easily dried woods such as pine sapwood. The heat
absorbed as the water vaporizes tends to keep the temperature
of the wood near the bolling point of water. A thin film of

nearly saturated water vapor protects the surface of the wood W
from the severe drying conditions of practically ze™ rela- | |
tive humidity in the oll itself. When the free water is gone

from the cavitles of the cells, the only water left is that
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contained 1n the cell walls. Thils water comes out more
slowly than the free water. The outer protective vapor
layer becomes very thin, and the surface becomes subject
to the severe conditions of the heating oil ( 3:1).

If the diffusion of water from the inside of the wood
to the surface is fast enough checking may be prevented.
With woods that water dces not readily diffuse through,
such as sweetgum heartwood, the wood soon is unable to |
provide enough water at the surface to protect itself from
; the severe drying conditions. The surface then begins to
] check. The high temperatures may cause honeycombing and
: severe casehardenlng. Casehardening must then be alleviat-
‘ ed by reconditioning the lumber in a kiln. Another disad-
vantage of the boiling in o1l process is uneven heating of
the oil which will cause uneven drying ( 3:2).

Most of our woods will chzek under the very severe
drying conditlions of boiling in oil unless a vacuunm is
used. Softwoods which can be dried rapidly by this
method can also be dried by other means, thereby elim-
inating drying in oil as a practical method of season-
ing lumber ( 3 :3).

The McDonald process is a more complicated var-
lation of the boiling in o0il method and uses a commer-
clal dry cleaning solvent, perchloroethylene, in a
closed chamber. The solvent 1s reclaimed after it boils
off in a condenser to be used again ( 3:4). ‘

6. High Frequency Dielectric Heatine was first used by
a Russian Abramenko in 1934, There has been relatively 1lit-
tle research done in this area because of the limited uses
which this method appears to have at the present time,

Dlelectric heating requires generatling apparatus capable
of setting up an electric field that will oscillate at a high
frequency between the condenser plates or electrodes. Wood
Placed in a powerful electric field osclllating at more than
one million cycles per second is heated quickly, throughout,
to a temperature above the boillng point of water. If the
wood specles were very porous, with no resistance to the move-
ment of free water or vapor, it could be dried rapldly, but
wood, 1n general, 1s not very porous. Moisture does not move
rapldly through woods which have a tight cell structure as
many wocds do, This impediment of moisture can cause high in-
ternal temperatures and pressures well above the boiling
point of water and consequently causes local explosions which
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may split the wood wide open ( 9:1).

Apart from splitting difflcultles the high cost of

operating the electronic equipment makes this method im-
practical for use in the United States ( 9:2).

7. Salt Seasoning 1s one method whilch consists of

treating The lumber prior to seasoning in such a way that

the drying process as carried out by ordlnary ways is ac-
celerated and simplified. This method uses the followlng
principle:
When a chemical is dissolved in water, the vapour
pressure of the solutlon 1s lower than the normal
vapour pressure of water. Thls means that where as alr
which is less than saturated will evaporate water, 1t
will not evaporate moisture from the solutlion we are
discussing until the humidity is below the point at
which it will be in equillbrium with the vapour pressure
of the solution. This point is considerably below 100%
humidity. Saturated salt solution remalns unaffected
until the humidity of the alr has fallen to 75% (1 :131).

A plece of wood soaked in the saturated salt solu-
tion can be placed in an atmosphere of 75% humidity with-
out drying. But 1f only the outside layers are saturated
with the salt solution, the center will behave normally
and will dry. It is desirable to have the inside dry be-
fore the outside to eliminate the external splits whilch
normally develop. By regulating the surrounding atmo-
sphere drying can be accomplished without splitting and
can be carried out much more rapidly than would other-

wise be possible ( 1:131-32).

8. Polyethylene Glycol 1000 can be use for chemically
seasoning wood and preventing or reducilng wood degradation,
Forest Products Laboratory has done considerable researchn
during the last nine years on using polyethylene glycol for
preventing or reducing wood degradation that occurs when
green wood 1s seasoned. Donald H. Gott, Secretary-lanager
of the American Walnut Assoclation indicates that:
Thanks to FPL development of the polyethylene gly-
col treatment this practical utilization of waste walnut
1imbwood opens up a new field of conservatlon and market-

ability of waste tree parts ( T:1).

Chemical seasoning of wood has varicus assets for anyone
who wishes to use this medium. This method of seasoning pre-
vents waste of wood through checking, warping, and spllitting.
It provides a rapld means of seasoning green wood, and it
allows the use of cross-sections and 1limb wood. Englerth of
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Forest Products Laboratory adds:

One real advantage of using the nontoxlc chemical
is that 1t permits great latitude in the cholce of pro-=
jects as well as the selectlon of wood. At the Forest
Products Laboratory, for example, we have made attrac-
tive bowls from lowgrade or "surplus" wood ( 6:56).

When freshly cut green wood 1s soaked for an appro-
priate period in a 30% to 50% {by weight) water solutlon of
high molecular weight polyethylene glycol, the wood does not
shrink appreciably when dried. Equally important, wood thus
treated and then dried swells very little when exposed again
to high humidities. This stabilizing treatment attacks the
problem at its very roots by bulkling the microscopic, lattlce-
1ike structure of the individual wood-fiber walls. Heavlly
treated wood is thus permanently restrained from shrinking,
swelling, or warping, regardless of atmospheric humidity

(17:3).

Polyethylene glycol may also be used as a chemlcal sea-
soning agent. Research has shown that relatively light treat-
ments will effectively prevent seasoning degrade 1ln green
wood carvings, cross sections of logs, turnings, totem poles,
and similar craft items. In this application the objective
is simply to get enough polyethylene glycol into the outer
shell to prevent splitting and checking durling drying, rather
than to obtaln a uniformly hi§h level of dimenslonal stabllity

in the finished product (1T7:3

‘Most of the carvings from troplcal countries = Southeast
Asia, Equatorial Africa, latin Amerlca, and other areas of
high humidity ~ are made of poorly seasoned wood that 1s only
partially dry. This results in the majority of the carvings
checking when they are brought into the United States or
other low humidity countries within a period of several weeks.,

Forest Products Laboratory has been successful in preventing
checking of lmported carvings by:
e o o immediately soaking them in water for two
weeks to restore them to the turgld green condltlon
_essentlal for satisfactory diffuslon of the large mole-
cules of polyethylene glycol into the structure of the
cell walls. The carvings are then soaked from three to
seven days, depending upon size and shape, 1n 504 solu-
tion of polyethylene glycol (L3 :476).

Another practical use of polyethylene’glycol has been
in the dimensional stability of rifle stocks for the United
States Army by the Crane Creck Gun Stock Company. They

emphaslze that:
Crane Creek shrink-swell-and-warp-proof rifle stocks




are an example of the hijh level of dimensional stablllty
attainable by heavy treatment with polyethylene glycol,

Recent tests have shown that high-guality bolt action .
rifles fitted with stabillized stocks will maintain theilr

zero (that 1is, their fine accuracy) whether used in the

arid southwest, where ordinary stocks shrink until theilr .
metal fittings loosen, or following complete immersion

in water for over a week (17:3).

Recently waterlogged boats were retrieved from the bot-
tom of Lake George in New York and after belng treated with
polyethylene glycol 1000 they were successfully dried with-
out the cracking or distortion shown on the group of un-
treated pleces from the same ship. These boats were sunk
almost 200 years ago in the French and Indian War and belng
fully waterlogged they accepted the chemical treatment
readily (20:649-50),

Dimensional stabillization requires a high degree of
penetratlion of polyethylene glycol into the wood. To obtain
high dimensional stablility, a penetration of the chemical
throughout the wood is requlred leadlng to a uniform uptake
ef 25% to 30% of the chemical based on the weight of the dry
wood, The time required for this depends upon the thickness
of the wood and may require several weeks., See Table I,
Green gun stocks require six weeks. It 1s effective only on

reen)wood or wood whilch has been thoroughly water soaked
14:1).

Reduction of checking during drylng can be obtained with
a less drastic treatment of the wood. Many times soakling over
night in a 30% solution of the polyethylene glycol 1000 will
prevent checking, but research is needed tc determine the
proper soaking schedules ( 142).

Polyethylene glycol can be purchased from many of the
large chemlcal companies such as Dow Chemical Company, .
. Midland, Michigan. Smaller lots may be purchased from Crane
Creek Gun Stock Company, Waseca, Mlnnesota.




23

TABLE I

DIRECTIONS FOR THE TREATMENT OF CROSS SECTIONS OF GREEN
LOGS AND LIMBWOOD TO PREVENT SPLITTING AND CHECKING

Solution concentration. Suggested period of soaking for:

and temperature
Walnut disks ‘Walnut dlisks
up to 9" in over 9" in
diameter and diameter and
1-14" thick- 2=-3" thick=-
ness ness

30 percent, 70° F, 20 days . 60 days

50 percent, 70° F. ‘ 15 days : 45 days

30 percent, 140° F. - T days | 30 days

50 percent, 140° F, | 3 days 14 days




CHAPTER V
SEASONING DEFECTS

That the user of wood cannot do anything about the de=
fects that occur in wood during the seasoning process 1is
understood. Why these defects occur and what thelr aifects
are to various species of woods will be discussed wlth the
thought that the acquired knowledge will allow for more
economical use and a better idea of how to work with or
around these defects. Defects or degrade that sometlmes
appear due to seasoning may be classified into two groups:
(1) that caused by unequal shrinkage and (2) that caused by
the action of fungil.

Lumber has a high moisture content and is unsuited for
most building purposes as 1t comes from the sawmlll, Mols-
ture content, commonly called sap, may vary from 30 to 300
percent of the oven-dry weight. It is important that lum-
ber be seasoned unitil the moisture content is in equilibrium
with the conditions which the wood will meet in service.

When a condition of equilibrium moisture content 1s reached
the lumber has no tendency to shrink, expand, or warp. Due
to normal changes in atmospheric moisture, wood 1is virtually
always undergoing at least slight changes in molsture content
because of its tendency to come to a balance with the rela- .
tive humidity of the surrounding air. ( 4:147).

SHRINKAGE

. The major reasons for seasoning lumber are: (1) reduce
weight, (2) reduce shrinkage, and (3) increase strength. By
reducing welght we are actually changing the molsture content
and as this varies so too do the dimensions of wood change.
This change 1s brought about by the shrinkage of the wood.
Green or freshly cut lumber starts to shrink as soon as dry-
ing starts and drying starts immedlately after a tree 1s cut.
This becomes noticeable only after the flber saturation point
is reached., "One of the prominent things about shrinkage 1s
its variability. Shrinkage not only dlffers among the three
directions of grain, tangential, radially, and longitudinal,
but also among species" (16:5).

Softwoods shrink considerably less than hardwoods.
y Radial shrinkage is usually much less than tangentlal shrink-
i _ age, but the ratio between the two varles greatly. "Also,
%; woods with a high specific gravity generally shrink the most.
|
I
1
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Basswood, a light wood, has high shrinkage" (16:5). This
variation in shrinkage extends to material cut from-the

same species and the same tree. Heartwood generally shrinks
more than sapwood. The early wood of an annual ring shrinks
more than the late wood of the same ring (16:5).

Although shrinkage is variable in normal wooid, cer-
tain abnormal types of wood contribute to lncreased var-
iability. Compression wood, which is common to softwoods,
shrinks considerably more longitudinally but less trans-
versely than normal wood. The strands of the fiber walls
of compression wood make a large angle with the longitud-
inal axis of the fiber, rather than lying nearly parallel.
Pension wood which is found in hardwoods, also has ex-
cessive longitudinal shrinkage, although the reason has
not been determined. Particularly light welght wood of
some species has a greater longitudinal shrinkage than
heavier wood of the same species. This rule does not ap-
ply to light and heavy woods of different species. Cot-
tonwood, a light wood, does not shrink appreciably more
lengthwise than oak, a heavy wood (16:6). :

The shrinkage or swelling in the width of a'flatmgrained
board is nearly twice that of a quarter-sawn or edge=-grained
board of the same width, in all species of wood. |

The cause of most of the defects that arise during sea-
soning can be traced to shrinkage. Thls decrease in dimension
alsc causes cross-sectional changes and warping. The cross-
sectional change is due to the difference In shrinkage 1n the
radial and tangential directions. Another possible cause of
the change is set, the result of drying stresses. A dry
board that is thicker at the edges, and all faces of a square
being concave may also be caused by set (16:8).

WARPING
Warping is responsible for much waste in fabricating

and for some unsatisfactory service. Warping can be re-

duced to a minimum by the use of quarter-sawed dry ma-
3 terial. The combined characteristics of warplng and
4 shrinkage determine the ability of wood to stay in place.,
i Ability to stay in place, that is, remain flat, straight,
£ and not change size, is desired in practlcally all uses.
: It is especially important in furniture and cabinetwork. ;
5 . A1l woods require proper seasoning in order to stay in E
1 place well (18:9). | :

Knowing where to place the blame is always satisfy- ;
ing and frequently useful, If lumber warps during drying 8




it 1s perhaps natural to blame only the drying condi-

tlons, or possible tc conclude that airp drylng 1s better

than kl1ln drying. Yet the fact is that a certain amount .
and kind of warp for a given specles, slze, and moisture

content are unavoidable and can be cared for only »y an

allowance in thickness or width, As long as wood shrinks :

much of 1t will warp, and the more unevenly 1t shrinks,
the greater will be the warp (22:7). |

jarp caused by the difference in tangential, radial,
and lengltudinal shrinkage may be divided into cup, bow,
c¢rook, and twist. All plain-sawed boards would cup if allow-
ed to shrink and dry without restraint, 1In a plaln-sawed
board, the position of the annual growth rings with respect
to the two faces of the board is not the same, resulting in
the outer face having a greater shrinkage potential than the
face nearer the pith, Thus when the board shrinks and dries,
the face nearest the bark tends to become concave while the
opposite face tends to become convex (16:8).

Bow, crook, and twist may be caused by localized dis-
tortions of grain, 1ie: dlagonal, spiral, or wavy grain, or

by the presence of bands of abnormal wood such as compression
wood,

CASEHARDENING

Shrinkage and the plasticity of wood are responsible for
casehardening (16:8)., It i1s a conditlon of stress and set in
wood in which the outer fibers are under compressive stress
and the inner fibers under tensile stress when the wood is
uniformly dry (12:13, 14). a

Whether casehardening is considered a defect or not
depends upon the manner in which lumber is sawed or mach-
ined during fabrication. The more common fabrication
difficulties that occur in the use of casehardened lumber
are end checking, planer splitting, and warping. End
checking will frequently develop in the core of a freshly
crosscut casehardened board that 1s exposed to low rela-
tive humlidity. Flaner splits can occur in relatively flat
casehardened boards coupled with the forces applied by the
machine knlves., If during any sawing or machining oper-
atlon on a casehardened board the transverse or longl-
tudinal stresses are unbalanced, distortion will result. .
In planing, the depth of cut is not likely to be the same
on both faces; 1t will cup and the concave face will be
the one most heavily cut. Any warping of casehardened
stock that 1s due to sawing or machining is a source of
trouble in fabrication and gluing ( 4:155).
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Residual stress and set are not determinable by visual
inspection and when resawing the wood willl tend to cup to-
ward the sawline. Speclal testing methods such as the
prong test or slice methods are necessary to detect 1t and
estimate its degree,

Sometimes the outside layers are under a tenslle stress
and the interior ones are under a compressive stress., Thils
i1s called reverse casehardening and will be indicated when
resawing by the boards cuppling away from the sawline. Thils
can be as serious as casehardening 1s when trying to fabri-
cate articles (12:14),

CHECKS
During the seasoning process, shrinkage causes stresses

that may, among other things, cause surface, end, and honey-
comb checking. A separation of wood fibers extendling both
radially and longitudinally is called a check (16:8).

"Checking stems from the reduction of the surface mois-
ture content to a value so low as to cause stresses that ex-
ceed the maximum tenslle strength of the wood perpendicular
to the grain" (12:10).

Checks generally originate at a point of weakness in the
wood structure, in mineral streaks, and in resin ducts. Thin,
narrow flat-sawed stock 1s less prone to surface check than
thick, wide boards, | :

Some hardwood surface checks close up during the drying
process., , _

Checks that have closed may escape detection, but
the weakness is still present because the bond between
the fibers has been brokem. In products requiring high-
ly finished wood surfaces, such as some types of interlor
trim, cabinets, and furniture, closed surface checks are
undesirable ( 4:147). :

Surface checks cause a great amount of waste 1f they do
not show up in fabrication untll many high-cost operatlons
have been perlformed, These checks may even remain hidden
until opened by humidity change after the article has been 1n
use for some time,

Honeycombing or honeycomb checks are“similar to end or
surface checks and are a separatlion of the fibers that occur
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In the interior. "The most common form develops along wood
rays of flat-sawed stock, but in quarter-sawed Douglas-fir

and some other woods it may occur in the form of ring sep=-

aration" (12:11).

Honeycombed lumber 1s unsultable for any use when high
strength 1s required. It is also unfit for fabricating
articles, since resawing, planing, and working will expose
the interior checks. Severe honeycomb usually can be detect-
ed in rough lumber by visual inspection because of character-
istlc depressions running lengthwlse on the lumber surface.
In many instances, however, ordinary honeycombing 1is not
visible until the lumber 1is crosscut, resawed, or ripped

(12:13).

COLLAPSE

Collapse 1s a distortion of wood cells. A slight a-
mount of thls defect may be impossible to detect. When it 1s
bad the surfaces of the wood wlll have grooves or corrugations,

Collapse may be caused by compresslive drying stresses
on lnterlor parts of the wood that exceed the compressive
strength of the wood or liquid tenslion in cell cavities com-
pletely filled with water. This defect is generally associat-
ed with excessively hlgh dry-bulb temperature in the early
stages of drying (1l2:11).

KNOTS

"Knots are by far the commonest defect in all lumber,
comprising on the average from 70 to 80 percent of all defects
in the common grades" (18:32),

Three ways that knots may affect the plece ‘hat they
nceur in are: appearance, strength, and tightness. 1In ap-
pearance, unless a knotty finish 1s required, they are con-
sldered objectional, The strength of a knot hole will de-
crease the strength of a board less than an interzrown knot
of the same size. In tightness intergrown knots rank first,
because they are so fixed that they wlll not come out under
ordinary condltlons.

A knot 1s a branch, or limb, embedded in a tree that
has been cut through in the process of lumber manufacture.
If the sawed section 1s oval or clircular it 1s known as a
round knot. A branch, or limb, which in the process of
lumber manufacture has been sawed iIn a lengthwlse direc-
tion l1s known as a splke krnot. A sound, tizht knot 1s
solid across its face, fully as hard as the surrounding
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wood, shows no signs of decay, and 1s so fixed by growth
or position that it will firmly retain its place in the
plece . (18:30). |

Knots are further classified as intergrown or en-
cased, As long as a limb remains alive, there 1s contin-
uous growth at the junction of the limb and the trunk of
the tree, and the resulting knot is called intergrown;
after the 1imb has died, additilonal growth on the trunk
encloses the dead limb and an encased knot results,(18:30).

FUNGUS

Three defects that are associated with fungus are sap
stain, decay, and mold. Most decay occurs in wood having a
moisture content above the fiber saturation point. Wood that
1s continuously water soaked or continuously dry will not de-
cay. Usually, wood maintained at 20 percent molsture content
or less, typical of air-dried wood, 1s safe from fungus da=-
mage, Molds and stains are confined largely to sapwood and
are of various colors, |

Stains penetrate into the sapwood (not heartwood) and
cannot be removed by surfacing., "Blue" stalns vary from
?1uisg §° bluish black and brown with arethe the most common

24:381).

Extractives in wood undergo chemical changes durlng
drying that may cause discoloratlions = or chemical stains,
as they are generally called. If pltch falls to harden
or set during drying, trouble may result, partlcularly
with products to which sealers, varnishes, and palnis are
applied (4 :152).

Brown stain 1s a chemical stain that occurs in many
softwoods though principally in sugar, ponderosa, and
white pine. Its color varles from light to very dark
brown. While it affects appearance i1t does not impalr
strength. It is belleved to be caused by chemlcal re-
actions that take place in the water-soluble extractives
as they are concentrated and deposited during drying.
The stain develops within the plece as well as on 1ts
surfaces. Planing may remove some of the staln but 1t
may expose zones of darker stain (4 :152).
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RECOMMENDATIONS

The following are recommendations made by Forest Pro-
ducts Laboratory in Report Number 1655 after reviewlng and
reaffirming thelr previous informatlon. |

1., Use lumber that is dried to a moisture content
close to the midpoint between the high and low values the
wood will attain while in service. Lumber should be equal-
1zed and condlitioned by the suppller.

2., Interior woodwork, such as trim, flooring, panels,
and cabinet work, should be kiln dried. Material for furnl-
ture, cabinets, case goods, musical instruments, tocl handles,
turning stock, and sporting gocds should be kiln dried o an
average moisture content between 5 and 8 percent.

%2. Alr-dried lumber is sultable for items that are not
ordinarily subjected to artificial heat or for use in struc-
tures in which some shrinkage can be tolerated.

4, Green lumber should be limited to uses where it 1is
maintained at a high moisture content or where shrinkage has
been considered in the deslign of the structure. When used,
precautlions should be taken to prevent decay. '
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T0PIC: : f

Molsture Meters ' 2

OBJECTIVE:

To have the student learn the use and application
of a moisture meter,

A
INTRODUCTION: ' 1

The use of a moisture meter can be a very useful ]
ad junct in the selection of boards that are to be :
glued-up for a large flat surface. Matchlng boards |
of almost identical moisture content can help to keep 1
warping to a minimum during fabricatlon time, 3

EXPLAIN: | i

Important electrical properties of wocd. 1
Effect of moisture content. . f
Effect of moisture gradilent. L
Resistance type moisture meter.

Radio-frequency type molsture meter.

DEMCNSTRATE:

Use of a moisture meter. _
Ad justments of meter controls.
Application of electrode.
Reading meter. ,
Application of correction factor, A

STUDENT APPLICATION:

Divide class into teams of two each., Have each team

select a sample board and take reading and record., If
possible save sample and have a reading taken after two
or more days of rain and compare with first reading.

EQUIPMENT AND MATERIAL REQUIRED:

A commercial or other type moisture meter
A supply of varlous specles of wood
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TOPIC:
Testing for a Stress Condition
OBJECTIVE:
To have the student learn a method of determining the
condlition of stress.
: INTRODUCTION:
% Casehardening 1s a stressed condifion in a plece of
4 wood characterized by compression in the outer layers
1 of wood and tension 1n the ceanter. Whether this 1s
i considered a defect depends on the final use and the
j manner in which the plece is to be sawed or machined
3 during fabrication. It 1s important to know that end
3 checks, planer splits, bowlng or cupping may occur and
3 how to check for these possibilitles prior to fabrl-
: cation, |
E EXFLAIN: ‘
j The different posslible results when saWing or machining
1 a plece of casehardened wcod. -
3 ' Where to obtain sample for determining condition cof
F- stress..
E DEMONSTRATE:
g How to cut prong-type stress test sectlons.,
E How to determine condlition of stress.,
STUDENT APPLICATION: .
Instead of having each student cut a prong-type test ;
section thls check can be lncorporated into the se- b
4 lection of material to be used in fabricating any
4 particle or project. '
1 EQUIPMENT AND MATERIAL REQUIRED: ' ;
i A supply of varlous species of wood | j
3 Standard power equipment and tools ' ]
1 | .
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CASEHARDENING AND/OR REVERSE CASEHARDENING
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Cut a section at least one foot in from the end of
the board. . '

Make two saw cuts in the sectlon.

Chip out the entire center portlon.

If the prongs spring in, the timber ls casehardened,
Longer condlitioning time is required. If the prongs
spring outward (per dash lines), the timber is re-
verse casehardened. Less condlitlioning time is re-
quired or conditioning at a lower relative humidity.
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TABLE I

DIRECTICNS FOR THE TREATMENT OF CROSS SECTICNS OF GREEN
LOGS AND LIMBWOOD TO PREVENT SPLITTING AND CHECKING

Solution concentration

and temperature

Suggested perlod of soakling for:

Walnut disks
up to 9" in
diameter and
1-1%" thick-
ness

Walnut disks
over 9" in
diameter and
2-3" thick~-
ness

30 percent, T70° F.
50 percent, 70° F.
30 perceat, 140° 7,

50 percent, 140° F.

20 days
15 days
7 days

3 days

60 days
45 days
30 days

14 days
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SHRINKAGE VALUES CF COMMON WOODS BASED
ON DIMENSIONS WHEN GREEN

SPECIES AJL SHRINKAGE .
Dried Gto 20% Dried to 6% Dried to 0%
moisture content moisture content moisture content
R(1) T(2) V R T i R T v
Z 4 Z Z 7 %
SOFTWOODS
Cedar ,
Incense 1,1 1.7 2.5 2.6 4,2 6,1 3.3 5.2 T.6
Eastern red 1.0 1.6 2.6 205 308 602 301 407 708
Western red .8 1.7 2.3 1.9 4.0 5.4 2.4 5,0 6.8
Douglas-fir
Intermedliate
type 1.4 2.5 3.6 3¢5 6.1 8.7 4,1 7.6 10,9
Fir
California
red 1.3 2.4 4,1 3.2 5.8 9.8 4,0 Te2 12,2
white 1.1 2.4 3.3 2.6 5.7 7.8 3.2 T.1 9.8
Pine -
Eastern white .8 2.0 2.7 1.8 4,8 6.6 2.3 6,0 8,2
Ponderosa 1.3 2.1 3.2 3.1 5,0 7.7 3.9 6.3 9.6
Sugar 1.0 1.9 2.6 2.3 4,5 6.3 2.9 5.6 7.9 -
Western white 1.4 2.5 3.9 3.3 5.9 9.4 4,1 7.4 11.8
Redwood ' , |
- 0ld-growth W9 1.5 2.3 2.1 3.5 Sel 2.6 4,4 6.5
Second-growth .7 1.6 2.4 1.8 3.9 5.7 2.2 4,9 7.1
HARDWOODS
Alder
Red 1.5 2.4 ‘4,2 3,5 5,8 10.1 4.4 7.3 12.6
Ash | |
Black 1.7 2.6 5.1 4,0 6.2 1l2.2 5.0 7.8 158.2
White 1.6 2.6 4,5 3.8 6.2 10.7 4,8 T.8 13.4
Aspen .
Quaking 1.2 2.2 3.8 2.8 5.4 9.2 3.5 6.7 1ll.5
Birch
Paper 2.1 2,9 6.4 5,0 6,9 13.0 6.3 8.6 16,2
Yellow 2.4 3,1 5.6 5.8 7.4 13.4 T7.2 9.2 16.7
Cherry

Black l.2 2.4 3.8 3.0 5.7 9.2 3.7 T.1 1l.5
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SHRINKAGE VALUES (cont.)
SPECIES ' ____ SHRINKAGE
Dried to 20% Dried to 6% Dried to 0%
molisture content molsture content moisture content
R(1) T(2 V(3) R T v R T \')
zZ__ % % 7 7 7z Z Z 7z
Elm .
American l.4 3.2 4,9 3.4 7.6‘ 11.7 4,2 9.5 14.6
Luan ,
. Red 1.1 2.7 3.9 2.6 6.4 9.4 3¢5 8.0 11.7
é Mehogany 1.2 1.7 2.7 2.9 4.0 6.4 3.6 5.0 8.0
' Maple ' ‘
/ Black 1.6 3.1 4,7 3.8 T.4 11,2 4,8 9.2 14.0
; Silver 1.0 2.4 4,0 2,4 5,8 9.6 3.0 T.,2 12.0
3 Sugar 1.6 362 5.0 3.9 7.6 11.9 4.9 9.5 14.9
: 0ak
: California
: black 1.2 2e2 4.0 2.9 5.3 9.7 3.6 6.6 12.1
: Northern red 1.3 2.7 4.5 3.2 6,6 10,8 4,0 8,2 13.5
g White 1.8 3.0 5.3 4,2 7,2 12,6 5,3 9.0 15.8
f Sweetgum 1.7 3.3 5.0 4.2 7.9 12.0 5.2 9.9 15.0
, Teak 8 1.4 2,3 1.8 3.4 5.4 2.3 4.2 6.8
f Walnut
: Black 1.8 2.6 4.3 4,4 6,2 10,2 5,5 7.8 12.8
§ Willow |
% Black W9 2.7 4.8 2,1 6.5 11.5 2.6 8,1 14,4
: Yellow poplar 1.3 2.4 4,1 3.2 5.7 9.8 4,0 7.1 12.3
i (1) Radial
i (2) Tangential
% (3) Volumetric
g
Z (How Wood Shrinks and Swells, #1099:3=5)
ERIC :
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DRYING DEFECTS OF MAJOR CONCERN
IN COMMON COMMERCIAL WOODS

SPECIES

Cedar
Incense o o o o o

Eastern red . . .
Western red . . .

Douglas-fir-
Intermediate type

Fir
Californlia red .

White [ ] [ ] [ [ ] L J [ ]

Pine
Eastern white . &

Ponderosa « ¢ o o

SUZAT ¢ o o o o o

Western whlte ., .
Redwood

Light and medium

SINKET o o o o o

Alder
Red ¢ ¢ ¢ ¢ o o &

Ash
BlaCk ® [ ) [ J [ ] [ J [ J

SOFTWOODS

MAJOR DRYING DEFECTIS

Collapse., Surface checking 1in
flat-sawed 12/4 or thicker stock.
Checking in and around knots,
Excesslve loss of aromatic oils.,
Collapse and honeycomb, parti-
cularly in sinker stock.,

Loose and checked knots, End-
check penetration resulting in
internal failures 1n thick stock.
Ring fallure in quarter-sawed
lumber.

End and surface checks, Water
pockets,
End and surface checks., Water
pockets,

Brown staln, Water pocket., End
and surface checks in 8/4 and
thicker stock.

Brown stain, Checked knots.

End and surface checks in 8/4
znd thicker stock,

Browan staln. End and surface
checks in 8/4 and thicker stock.
Brown staln, End and surface
checks in 8/4 and thicker stock.

End and surface checks in 8/4
and thicker stock, .
Collapse and honeycomb,

HARDWQODS

Sticker marking.

surface checks, particularly in
6/4 and thicker stock, '
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SPECIES
‘mite [ 4 [ 4 [ ] [ 4 ® [ ]

ASDPEN ¢ o o o o o

Birch
Paper e o o o o o

Yellow o ® [ ] ® [ ]

Cherry
Black [ [ o ® o o

Elm
American e« o o o

¥
By’
Y.
&
£
/]
!
i
B

%

Mahozany . ¢ o o o

Maple, sugar
Normal .+ o« « o &

Mineral streaked

Oak
California black
Red [ ] [ ] [ J [ [ ] [ ] ®

White [ [ ] [ ] [ ] [ ] [ ]

Sweetgum (heartwood)
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[ DRYING DEFECTS (cont.)

MAJOR DRYING DEFECTS

End and surface checks.

) Honeycomb, particularly 1n
6/4 and thicker stock.

. Collapse in "wet wood". Water
pocket.

. End checks. Brownlsh chemlcal
stain,

. End and surface checks., Col-
lapse and honeyccmb, -

. Honeycomb in 8/4 or thicker
stock, Surface checks,

. End and surface checks in 8/4
and thicker stock,

. End and surface checks 1n
thick stock.

. End checks in 8/4 and thicker
stock, Honeycomb, usually
associated with end-check pene-
tration, in thicker stock.
Chemical stailn.

. Checking. Collapse. Honeycomb,

. End and surface checks, Honey-
comb,

. End and surface checks, Honey-
comb particularly in 8/4 and
thicker stock,.

. End and surface checks, Honey-
comb particularly in 8/4 and
thicker stock.

. Honeycomb., Collapse, Water
pocket.
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1 DRYING DEFECTS (comnt.) E
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SFECIES | MAJOR DRYING DEFECTS

Walnut : ‘ | .
Black ., . © ¢ e o o o o o o o End checks. Honeycomb, usually

associated with end check pene-
tration in 6/4 and thick stock.

Willow | ,%
BlaCk L ] L] [ [ [ [ [ o o [) o o End CheCkSo Honeycombo ' ‘2

AT

R,

=

Yellow poplar . e« o « o o o o End checks in 10/4 and thick=-

er stock,

\
PbiBsibaros sttt et et s b e

itk il

5

(Dry Eiln Operator's Manual:156,57)
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Actlve drying season

Alleys

Bow

Casehardening

Czasehardening, reverse

Charge

Checking

Compartment kiln

Conditioning treatment
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GLOSSARY

The season with a high tempera- 4
ture and low relative humlidity, 3
usually from spring to early fall. i

There are three types in an air-
drying yard; main, cross, and rear.
The first two are used for trans-
portation and working areas whille
the last is used primarily for the
movenent of air, ‘

R
A et e S IR

b s A R AR
A R P A P R Ay

Is the deviation flatwlse from a
strailght line drawn from end to
end of a plece,

A S NS

A condition of stress and set in
wood which the outer fibers are
under compressive stress and the
inner fibers under tensily stress,
the stresses persisting when the
wood 1s uniformly dry.

iy

g R b S P e

A final stress and set condition
in which the outer fibers are
under tenslle stress and the inner
fibers under a compressive stress
as a result cf overconditioning.

AR 1 T

A

TR MR AR S

S

A stack or stacks of lumber in a
kiln for drying.

T
i N

A lengthwlse separation of the wood
usually extending across the rings

of annual growth and commonly re- 2
sults from stresses set up in wood o
during seasoning. |

A dry kiln in which the total charge

ls dried as a single unit. At any
given time the temperature and rela-
tive humidity are uniform through- ;
out the killn, i

A controlled high temperature-high 3
relative humidity condition used in A
a dry kiln after the final stage of .
drying to bring about a uniform E
moisture distribution in the charge
and to relleve drying stresses,

3
3
&
4
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GLOSSARY (cont.)

Crook

Cup

Depression, wet buld
Dry buld
Equilibrium molsture content

Equalization

Fiber saturation point

Forced-circulation

Flues and chlmneys

Gradient, moisture

Hand-stacked piies

Honeycomblng

(sometimes called spring) Dev-
jation edgewlse from a stralght
line drawn from end to .end of a
Plece,

Deviation crosswise from a straight
line drawn from edge to edge of a
plece.,

Difference between the dry and wet
bulb temperatures.

A thermometer that 1s not affected
by vapor or moisture.

Molsture content at which wood
nelther gains nor loses molsture
when surrounded by alr at a given
relative humidlty and temperature.

Bringing the pleces of lumber 1in a
kiln charge to a nearly uniform
moisture content.

Stage in the drying or setting of
wood at which the cell walls are
saturated with water and the cell
cavities are free from water. Ap-
proximately 30% moisture content
based on oven-dry weight.

Mechanical circulatlon of ailr in
a kiln,

Spaces left between the edges of the
boards for the downward movement of
air.

A condition of graduated molsture
content between successive thick-
ness zones of wood that may be
losing or absorbing moisture.

Packages bullt at or near a mill in
a stacking rack or jig,

Checks, often not visible at the
surface that occur in the interilor
of wood usually along the rays.
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GLOSSARY (cont.)

Ratio of amount of water vapor pre-
sent in air to that which the alr
would hold at saturation at the
same temperature.

Humidity, relatlve

Hygroscoplcity Property of a substance which per-
‘ mits 1t to absorb and retain
moisture,
Kiln sample A section of wood pulled from the

charge prior to entrance in a kiln
that has 1ts moisture content check-
ed for a drying schedule,

Manual control of ventilatlion by
the use of valves and ventilators.

Manually controlled

Molsture section A cross section, 1 inch in length
across the graln, cut from a kiln
or random sample and used to deter-
mine molsture content.

Alr circulation depending upon
power of gravity and varylng den-
sity of air with changes in 1its
temperature and moisture content.

Natural-circulation

Oven=-dry Term applied to a sample that 1s
- oven-dried to a constant weight in
a temperature from 214° to 221°, .

Plle bottoms Well built foundations for yard plles
high enough off the ground to . allow
escape of alr that has circulated
through the pille.

Pile roof . : An essentlal feature of good alr-
drying practice that shields the
upper courses and to a lesser ex-
tent, the lower part of the plle
f{om direct sunshine and precipita-
tion. |

Polyethylene glycol 1000C P.E.G. 1000 is a white, waxlike chem-
‘1cal that resembles paraffin., It is
& solid at room temperature, melts
at 1040 F,, has a molecular weight
of 1000, dissolves readily in water,
ls nontoxic, noncorrosive, and has
a very high (5800 F,) fire point.
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GLOSSARY (cont.)

Progressive kiln A kiln in which the total charge
- is not dried as a single unit but
as several unlts as they move
through the kiln.

Set | A localized semipermanent defor-
mation in wood caused by internal
tensile and compressive stresses.,

Seasoning degrade Degradation which appears durlng
' the seasoning process., Classifiled

into 2 main groups: (1) that caused
by the unequal shrinkage, which in-
¢ludes checks, honeycomb, warp,
loosening of knots, and ccllapse;
and (2) that caused by the action
of fungl, namely; molds, stains,
and decay.,

Shrinkage Contraction of wood caused by dry-
ing the material below the flber
saturation point., - '

Twist | | - Rise of a fourth corner above the
- plane of the other three corners.
) Wet bulb . Registers moisture and humidity of
K C the kiln.
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INTRODUCTION

The process of laminating wood has been known since the
fifteenth century B. C. according to J. Hugh Capron (1:9).
Glued laminated wood arch construction was originated by
Hetzer in Germany in the early part of the present century.

It was used in Europe for framing churches, rallroad stations,
factories and warehouses for some time before it was intro-
duced in America. ‘

The process mentloned above is still being used for
such construction in Europe, where there is considerable cur-
rent interest in enlarging the scope of the industry. In A
Amerlca, however, the widely accepted use of wood construction
and the readlly available lumber supply--not to mention the
improved technical "know-how"-~have enabled the laminatin%
industry to outzrow its European counterpart. Freas (11:69)
estimates the annual production of glued lamlnated wood struc-
tural material in America today to be approximately fifteen
times that of Europe.

In the past few years, widespread developments in the
field of glued laminated wood construction have encouraged
englneers and architects to seek new applications for this
type of product. In the wood fabrication industry the uses
for laminated wood have been increasing rapidly and now in-
clude large beams used in buillding construction, component
parts for boats, bowling pins, .ennis racquets, ball bats,
gun stocks, furniture parts and various other uses.

In general, wood laminating consists of the gluing
together of pieces of wood with the grains running parallel
rather than at right angles as used in plywood construction.
Many laminated pleces are formed or bent to achleve a certain
strength or shape. Therefore, any discussion of the tech= ,
nlques of lamination should also include problems related to
the bending of solid stock,

The industrlal arts woodworking teacher of today is
faced with the challenge of gulding students who desire to
produce prcjects that require basic laminated construction.
It 1s the teacher's responsibility to relate pertinent in-
-formation in this rapldly expanding field of technology to
the students. -

[P
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Too often when we think of wood lamination, and espew-
4 clz2lly bent wood lamination, we think only in terms of
- matched, perfectly fitted, male and female forms used in
3 conJunction with a press or set of clamps which 1s able to
exert a great amount of pressure across the forms. When an
industrial arts teacher takes this approach to wood lamina-
tion, he 1s 1likely to conclude that experience with wood
laminating is just not feaslble. This should not be the case.
Bent wood laminatlion can be an excliting, dynamic and develop-
mental educational experience even though exotic forms and
pressure systems are not avallable, Preparations for lami-
nating can include many forms as long as they meet the desired
shapes or contours. No expensive presses or complex or even
Simple clamping systems are required. In terms of the school
shop situation, thls process has some distinct advantages over
the "more conventional" methods of laminating.

It doesn't require a set of matched forms which, in
most instances, the instructor would have to build. Because
only one form is needed, students can bulld or find thelr own
forms. Because students are not limited to a few sets of
teacher-made matched forms, there 1s no inherent tendency for
each student to be constructing virtually the same project.
"Students have greater creative freedom and feel challenged
;- to produce a greater varliety of projects. In many instances
: when producing in small quantities, it 1s more expedient to
2 form laminated shapes using this method than to use more
4 'sophisticated! laminating techniques." (8:69)

To producers of wood products, however, laminating is
of much deeper significance. They herald the fact that a new
Wwood-using industry is forging ahead with vigorcus strides,
winning markets for its production often in fields where wood
ls supposed to have been pushed into oblivion. That industry
1s the one we have come to call wood laminating. It consists
essentlally of bonding pleces of wood togetherreither to “make
blg ones out of little ones," to produce members of unusual
shape, or to combine woods with differing properties so that
the best advantage 1s taken of each.

The material presented in thls study 1s meant to pro-
vide the necessary technlcal information and some suggested
student activities for the teaching of a unit in the lamina-
tion of wood products in an industrial arts laboratory.
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CHAPTER 1
BENDING SOLID STOCCK

Many pileces of furniture. boats, sporting goods and
construction items call for some curvature in form. These
curved pleces may be shaped in either of two different meth-
ods., First, simple cutting usually done on = bandsaw 1is
entirely satisfactory if the curve is elight. If the curve
1s too great then weakness occurs 1n the finished part
because of the apvearance of cross-graln. The other method
of obtaining a curved plece 1is to bend 1t; whether it 1s
solid stock or laminated from several pleces of thinner

stocke

The bending of stock has several distinct advantages;
the foremost being that the curved plece may be formed with-
out any sacrifice of strength caused by cross=-grain. The
grain in = plece of bent, solld or laminated stock runs
parallel to the edge of the plece throughout 1its length.
Laminated stock is non-magnetic and resistant to fire,
weather and corrosion, which greatly increases 1its practical

uses (1l:11).

There are some disadvantages as well to the bendlng of
stock and the most important of these would be the hreakage
factor. Despite the knowledge gained in years of exnerience,
there is no method that guarantees one hundred per cent suc-
cess in the bending of wood. Commercial operators are plagued
by the losses due to breakage during either the bending pro-
cess or the fixing process which follows. There 1s a definilte
need for more information on the sreas of selection of bending
stock, the plasticizing of the stock, bending machines, and
the effect of hending on the strength properties of the wood

'(1131}&

I. SELECTING BEWDING STOCK

Bending qualities of varlous specles of wood will
differ greatly and the bending quality of different samples
of the same speciles will vary. As a rule, the bending qual~
ities of hardwoods are superior to those of softwoods, and
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certain hardwoods have better bending qualities than others,
Strailght-gralned wood is less likely to feil than is cross-
grained wood, although the slope of the grain should not
exceed one inch in fifteen inches of length. Knots should
be avolded because of the distorted grain and their resist-
ance to compression (1l:l). Woods with splits, checks and
other defects should be excluded.

The Forest Products Laboratory (3:359) recently found
in an experiment ln bending three~-quarter inch hardwood
squares on a twenty inch radius without end pressure or any
support on the outside of the bend that the percentage of
fallure was as follows:

02k, White 9%
Oak, Red IR 14%
Birch 22%
Elm 28%
Ash 36%
Beech Lo%
Poplar, Yellow 51%
Maple, Hard 51%
Gum, Rlack 55%
Cottonwood 69%
Sycamore 84 %
Basswood 95%

II. SEASONING OF wWOOD

The percentage of failures in the bending of wood can
be greatly reduced by having the correct amount of moisture
in the cell walls. Green wood will bend readily because the
cells have some vold space ss well as some free water, If
the cells contairn too much water to permit comoression in a
severe bend, then wrinkles due to» hydrostatic pressure will
appear and excessive shrinkage and splitting will occur dur-
ing the drying stage., If the wood 1s too dry, 2s is most
kiln dried lumber, it is not sufficiently plastic to bend
very well, -

The moisture content of wood for the most successful
bending should be between twelve and twenty per cent, and in
some cases, may range as high as thirty per cent. It is well
to remember that the convex side cannot be stretched more




than one to two per cent while the concave surface may be
compressed as much as twenty per cent (2:555).

III. PLASTICIZING

Wood may be softened by either steaming or soaking 1in
water to achieve the desired moisture content for bending.
Experiments have been conducted in liquid ammonia, but condi-
tions necessary to achieve success by this method seem to
make it impractical for the average school wood laboratory.
The process of plasticizing will be dealt with more completely
in the next chapter.

IV. REMOVING DISCOLORATION

Many woods will discolor or take on a dull appearance
after boiling or steaming. The discoloration may be caused
by the tannie aclid in the wood reacting with the 1lron in the
bending straps, clamps, or soaking apparatus, particularly
when hot wet oak comes in contact with iron, which causes a
dark, purplish-black color. This discoloration normally does
not penetrate deeply and sanding of the curved member will
usually restore the original luster to the wood. A hot three
per cent solution of oxalic acid will bleach the stains after
the piece is completely dried. However, the solution should
be sponged from the piece with clear water afterward (11:19).

V. METHODS OF BENDING

Bending can be done in either of two general methods,
each being successful if done within certain limitations.
These two types are (1) free bending without end pressure
and (2) bending with end pressure.

Free bending is done when only & slight curvature 1s
to be achieved and the difference in length between the
inmer and outer faces of the bent plece is not greater than
approximately three per cent. When the wood is steamed
before being freely bent, the heat and molsture makes 1t
possible for the inner, or concave surface, to assume a
certain amount of comprossive straln before the tension
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strain on the 6utside, or convex surface, causes failure in
the fibers (11:12,13).

Free bent wood, not being deformed a great deal, will
not retain its shape perfectly after drying. It is advised
that overbending in this case will help to retain the final
curve desired.

Bending with end pressure is the method probably most
used in industry. End pressure can be applied most easily
by simply fastening blocks to a metal strap and accurately
fitting the plece to be bent between the blocks. The metal
strap is placed next to the convex side of the wood, and in
reality, assumes most of the tension that would normally
occur in this area. The blocks press upon the ends of the
board forcing compression as the bend 1s made,

o st
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CHAPTER II
METHODS OF BENDING LAMINATES

s There are four simple methods of bending wood:

3 (1) steaming, (2) immersion in hot water, (3) dry bending,
end (4) bending with saw kerfs. Plasticizing by steaming
basically changes the fibers in the wood so that it becomes
pliable.

I. PLASTICIZING

3 Steaming. The process of steaming need not include a

% great deal of high pressure equipment. Peck (11l:11) states
that wood 1s most effectlively steamed at zero gage pressure
up to sixty minutes and has fewer fallures than wood steamed
at a2 higher pressure. S8teaming action seems to work more
effectively when the wood is not immersed in weter. We
should therefore devise some method to keep the wood Just
above the water level, The water supply should be such that
a constant amount 1s maintalned throughout the steaming
process,

influenced by the thickness, molsture content, and
species of the stock, and by the degree of plasticl-
zatlon needed, which is dependent on the severity of
bend. Because these factors vary, 1t 1is not possible
to specify exact steaming periods, Other things being
equal, wet stock can be plasticized sufficlently by
steaming for a shorter period than dry stock. Llke-
wise, stock to be bent to a mild curvature can be
steamed for a shorter perlod than stock to be bent

to a severe curvature., It 1s also probable that
different species become plastic at different rates,
and therefore some specles may need longer steaming
periods than others. As a general rule, wet stock
should be steamed or bolled 1/2 hour per inch of
thickness and dry stock, 1 hour per inch of thick-
ness (11l:11).

L The steaming or bollling period required is

Impersion. Immersing the wood in boiling water
1s a more convenlent way of preparing the stock for bending




g and 1s approximately equlvalent to steaming, but has the

" advantage of plasticizing only the portion of the piece to

-3 be bent. Steaming 1s the preferred method of the two silnce
colling is apt to cause saturation of the cells which makes

bending more difficult. Both processes cause discoloratlon
in the wood.

ik The end grain of a plece of wood will tend to absord

\f | more moisture than the rest of the grain during the steaming

E or boiling process, and as a result, will tend to split or
end-check to quite an extent. Thls tendency may be reduced
somewhat by end coating the boards with a molsture reslistant
covering, such as a wax or paint.

II. BENDING OF DRY STOCK

g Laminated curved members are produced from dry stock
by bending and glulng together in one operation several com=-
paratively thin pieces without softening them by steam or hot
water, Thils process has the following advantages over the
bending of single-plece members:

. l. The laminations can be made so thin that bending

' to the required radius involves only moderate
stress and deformation of the wood fibers; con-
sequently, the use of steam or hot water 1is
unnecessary and less subsequent drying and
conditioning 1s requlred.

2. Because of the moderate stress induced in bending,
stronger parts are produced.

3. The tendency of laminated members to change shape
with changes in molsture content resulting from
changes 1n relative humidity is less than that
of single-plece bent members. ,

4, BRatios of thickness of member to radius of curv-
ature that are impossible in bending single
pleces can readlly be obtained by laminating.
Alsc, members having reversed curvature are more
readily made by laminating thin plies, and curved
parts of any desired length can be produced by
staggering the joints in the laminations (7:303).

In the school shop, veneers are very satisfactorlly
used to produce laminated parts. Veneer is defined as a
thin wood sheet from one=eighth inch (maximum thickness) to
one thirty-second inch thickness, To save time and veneer
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you should always use the thickest layers of veneer that will
still bend easily to the form being used. Resawing of lumber
is a good way in which to make veneer stock. The thinner the
veneer the smaller radius to which it can be bent.

Veneered curved members are usually produced by glulng
veneer to one or both faces of a curved solld wood base. The
bases are ordinarily bandsawed to the desired shape or bent
from a plece grooved with saw kerfs on the concave slde at
right angles tc the directions of bend. Sometimes series of
curved pleces are bandsawed contiguously from the same block
of wood and reassembled in a gluing operatlon in the same
relative position with glue-coated pleces of veneer between,
thus producing a number of similar veneered curved pleces in
one operation. Pressure 1s then applied to the whole series,
In other assemblies single members are bandsawed to the
desired curvature and then faced with a layer of veneer, and
pressure is applled by means of flexible bands and clamps
while the glue sets. Pleces bent by making saw kerfs on the
concave side are commonly reinforced and kept to the required
curvature by glulng spllces, veneer, oI other pleces to the
curved base., :

Veneering over curved solid wood finds use meinly in
furniture. The grain of the veneer 1s commonly lald in the
seme general direction as the gialn of the curved wood base.
The use of crossband veneers, that 1s, veneers laid with the
grain at right angles to the grain of the base and face

veneer, reduces the tendency of the member to split (6:304),

III. BENDING BY SAW KERF METHOD

The fourth method of bending wood 1s by the saw kerf
method. Thick stock can be bent easler if o serles of saw
kerfs is cut on the concave side. This reduces the size of
the surface by removing some of the stock rather than com=-
pressing it. However, the part that is produced here ls
weak and should be used only 1n assemblles where 1t can be
securely attached to other supporting members. If cut too
deep the saw kerfs could possibly be detected from the face
of the board. However, 1f you cut approximately three-
fourths way through the stock and put kerfs closer together
you can eliminate this problem. The depth and spacling of
the saw kerfs will vary with the kind of material and the
radius of the bend (4:332).
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CHAPTER IIIl
LAMINATED BEAMS

Glued laminated wood can be used in a wlde verlety of
structures such as buildings, bridges, aircraft and boats.
Its versatility is enhanced by the fact that it can e made
to required forms and sizes without regard to stsndard silzes
and shapes and 1s free of the limitations commonly inmposed
on timber structures by the sizes and lengths of avallable
solid material. Although large structures are usually
laminated from material in lumber thicknesses, 1t has been
found that laminating with veneer gives comparable results.

I. FASTENINGS

Some designers of glued laminated members have pro-
posed that, in addition to the glue, mechanical fastenings
be used for jolning the laminations. It should be noted,
if such a procedure is contemplated, that mechanical fasten-
ings of all types can be expected to carry but little load
until some relative mowement of the joined parts has occurred.
Glued joints will not permit the relative novenent necessary
to enable the mechanical fastenings to become fully effective,
so that the use of mechanical fastenings to supplement the
strength of the glued Jjoints ls impractical--they cannot be
fully effective mntil the glue joint has failed, and even
then cannot e expected to provide shear strength equlvalent
to that provided by the glue (9:89).

II. CONSTRUCTION

Beams of glued laminated wood mzy be elther horizon=-
tally or vertically laminated. A horizontally laminated
beam is one in which the loads on the beam act in a plane
normal to the plsne of the laminations, and 1s probably the
most commonly used form. A vertically l2minated »eam, shown
in Figure 1, is one in which the loads on the beam act 1n
a plane parallel to the plane of the lamination. In the
horizontally laminated type, edge Joints in laminatlons
that must be wider then the boards available need not neces-
sarily be glued, since thelr strength normally will not
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affect that of the beam. In the vertically laminated type,
; however, the strength of edge Jolnts in laminatlions is of
3 considerable importance, since their strength will zffect the
shear strength of the beam,

Glued laminsted construction is particularly adapted

4 to use in srches or in curved heams, since lamlnatlons can

; be used that sre thin ennugh to permit bending them to the

i required curvature. Laminated arches are cornmonly designed
as two-hinged or three-hinged. Arch designs involving
fixed ends should give consideration to the fact that, over
a period of time, the fixity may be reduced by working of
the connections that results from deformations due to load
and from shrinking #nd swelling due to changes 1in molsture
content. Arches and other curved members are generally
laminated horizontally. In form structures, vertically

3 laminated arches of the type called "segmental arches" are

4 sometimes used (9:89-91). |

III. ADVANTAGES

Laminated construction allows the architect a2 wide
letitude in crrating forms adavnted to =nd expressive of the
function and purvose of the structure and greatly extends
the use of wood--the most abuniant, beautiful and econonical
building material available. In addition to the flexihility
in design, wood beam construction 21so provides 2 high fire
resistence factor. Wood beams do not transmit heat like
unorotected metsal heams which lose their strength and quickly
collapse under extremely high temperatures.. Ex»nosure of a
wood beam to flame results in a very slow loss in its strength.
It is weakened only in vroportion to its slow reduction in
cross section due to charring. This takes pblace very slowly
and thus orovides preclous time in =n emergency that may
save life and mrterial (6: Chap. 19 - 7). . -




CHAPTER IV
ADH=ZSIVES

The glues in laminated wood products must have suffi-
cient orizinal bonding strength and durability to enable
the glued member to perform as a structural unit throughout
its service life. The service life of wood is usually
determined by its resistance to decay and to other causes
of deterioration. Although the glue bond of 2 laminated
product must be equally resistant to deterioration, any
superior resistance cannot be expected to extend the
normal service life of the wood. Glues used for bhonding
must not damage or weaken the wood, and they should per-
mit machining of the product without serious damage to
surfacing equipment (9:16).

Prior to the development of syanthetic resins, the
glues most used in woodworking included the animal,
vegetable-starch, casein, vegetable-protein and blood-
albumin types. In recent years, however, an increasing
number of synthetic-resin glues have become available,
Their use has resulted in improved performances of many
glued wood products snd has facilitated the adaptation
of glued products to new uses. Plywood for exterior
uses, laminated wood for bridge timbers, ship keels and
other members for use under severe service conditions are
among those products.

Resin glues in most common use at present are the
urea-formaldehyde and phenol-formaldehyde glues. Melamlne
and resorcinol-resin glues =2re among the latest develop-
ments, #nd the use of resorcinol-resins and phenol-
resorcinol combinations is ravidly increasing, particularly
for laminating. To a2 limited extent, emulsified vinyl-
ester resins are finding specialized use as woodworking
glues, A number of special synthetic-resin glues have
also been developed for the bonding of wood and wood
products to metals, vplastics z2nd other materials.

With the exception of the vinyl-ester recins, the
synthetic~-resin glues that have been used for bonding wood
to wood are classified as thermosettings that is, the
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cured glued do not soften appreciably when exposed to
temperaturses that are higher than the original setting
temperature., In general, any thermosetting glue can be

mede to harden or cure more rapidly by raising the curing
temperature and thus decreasing the length of time required
under pressure. Thermo-plastic resins, on the other hand,
must first be heated to the point where they flow and then
usu2lly be cooled under pressure. Subsequent heating above
the softening range will weaken them and permit Joints to
open. Because of their tendency to flow at elevated temper-
atures and to creep under sustained load, resins of this
type are not recommended for laminated structural wood

i ‘members. Since blood-albumin, vegetable-nroteln, vegetablie-
-1 starch and animal glues are not suitable for the gluing of

laminzted structural members, they are not discussed in
this paper. :

s *
LR

A e

I. CASEIN GLUES

Al A Sl

8 Casein glue is classed as water-resistant because
‘ of its relatively high resistance to moisture, ¢ompared
with that of vegetable and animal glues. Its basic constit- -
uent is dried casein, which, combined with alkaline
" chemicals==-usually lime and one or more sodium salts--
is water soluble. Prepared casein glue comes in powder
form, and, when mixed with water in the correct proportions
is ready for use. It sets as a result of chemical reaction
i snd of loss of moisture to wood and air. Well-made caseln
glue joints will develop the full strength of the wood,
expecially in softwood specles and will retaln a large
part of their strength even when submerged in water for a
few days. | L o

II. UREA-FORMALDEHYDE RESIN GLUES

Urea resins are avallable both as dry powders and
in water as solld susoensions that ordinarily form sixty
to seventy per cent of the mixture by welght. The vowder
forms are prepared for use Dby mixing with water to produce
suspensions of aporoximately these concentrstions. The
powdered glues usually contain some filler, for which
walnut-shell flour and wood flour are most commonly used,
and mixing directions for the luquld glues norrally ~all
for the additions of some filler to limprove their working
properties., For certaln types of plywocd, urea resins
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are extended with rye or wheat flour, primerily to lower cost,
but the resistance of the glue to water and to attack by micro-
org-nisms is thereby reduced. Although high Joint strengths
can be obtained in hot=press plywood with extended ureas,

the value of extended glues for laminating lumber has not

been established, Urea-resin glue Jjoints in most woods are
highly water-resistant at ordinary temperatures.

III. PHENOL-FORMALDEHYDE RESIK GLUES

The phenol-formaldehyde glues may be classiflied, on
the basis of setting-temperature requirements, s hot-settlng
and intermediate-temverature setting glues. Phenol-resin
glues are formed by the reaction of phenol or crescl with
formaldehyde, For the production of woodworking glues, the
reactis-n is stooned st an intermediate stage, and the product
is then marketed in the forms of a film with paper base, a
dry powder or a suspension of resin in water-alcohol mixtures
or other solvents. After the resin in elther film or liquid
form has been applied to the surfsces to be glued, the setting
reaction is comnleted by the anvlicztion of heat,

As a clsss nhenol=resin glue joints are extremely
durable over a2 wide range of moisture and temnerature condi-
tions. They are not attacked by micro-organisms and are
highly dursatle under such adverse conditions as continuous
soaking in fresh or salt water, continous exnosure at high
humidity, cyclic exvosures involving wetting and drying and
exposure to high temnerature at low =#nd at high humiditiles.

IV. RESQACINOL-FORMALDEHYDE RESIN GLUES

Resorcinol-formaldehyde resin glues have a combination
of the moderate-temperature curine requirements of the urea
resins and the high quality =snd durabillity characteristics
of the phenol resins. These resins are produced by the
reaction of resorcinol with formaldehyde and =re marketed
as liquids consisting of partly polymerized resin in a water=-
alcohol solution. The solids content of the solutlon 1is
usually about sixty vper cent by welght., The glue 1= dark
red and makes dark Jjoints when set. A hardener, usually
paraformaldehyde but sometimes formalin, end a filler, com-

monly wslnut-shell flour, are mixed with the resin %rior
to use. These glues are extremely waternroof (9324),
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CHAPTER V
PLASTIC LAMINATES

There is scarcely a home being built today that does
not have a plastic laminate used somewhere in 1t. Plastic
laminates are now extensively used in furniture construction,
cabinets, counter tops, window sills and even as wall cover-
ings. The woodworking instructor as well as the cablinetmaker
or carpenter should thoroughly understand them and the uses
to which they are put. :

Plastic laminates are sold under various trade names
such as Formica, Textolite, or Micarta; but are a2ll produced
in basically the same way. These high pressure laminated
plastic surfacing materials are produced by assembling a
"eore" of several layers of kraft paper, a printed pattern
sheet and an overlay containing a melamire resin. ' The lay-

‘ers, impregnated with resins, are fused together in a press

at pressures of more than one thousand pounds per square inch
and temperatures in excess of three hundred degrees Fahrenhelt.
This type of processing assures a product that will resist
wesr, burns, stzins and soll; and which may be easily cleaned
with only soap and water. , B

The teaching of a unit in plastic laminates need not
involve expensive equlpment or require such technicel infor-
mation as to place it beyond the reach of even a modestly
equipped Junior or senior high school shop.

I, TYPES OF LAMINATES

Laminated plastic is produced in three grades to meet
specific requirements. They are as follows:

> .

Standard Grade. This is a general purpose grade and
is manufactured to a thickness of .062 or one-sixteenth of
an inch. It is used for either vertical or horizontal appli-
cation and is commonly found on desk tops, counters, tables
and case goods. It czn be used for edging and wlll bend to
a radius of nine inches without heating and a two and one-

~half inch radius when heated.

%
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Postforming Grade. The postforming. grade is .050
inch or approximately one-twentieth of an inch in thick=-
ness. Speclal thermosetting resins that soften on reheating
and papers that stretch are used in this product to permit
small radius bending. This grade is used for rolled or
formed counter tops, sill ledges and on small radius tables.

: Vertical Grade. The vertical grede is .035 inch or
one thirty-second of an inch thick and is designed primarily
for vertlical surface application such as sides of fixtures

~ and door facings. This grade is cut into narrow bands one

end five-eighths inches wide and sold as edge banding. When
heated to 325 to 360 degrees, it can be curved to a three-
fourths inch radius or it can be formed to a three inch
radius at room temperature,

Plastic laminates are available in several different
surface finishes, as follows:

Polished. These have a high gloss and are especially
sulted for sreas where a smooth surface and luster are desired.

Suede. These have a fine-grained texture, with low
reflective surface for both horizontal and vertical surfaces.,

Furniture., A semi-gloss finish is achieved by special
macnining of the surface.

Laminates are avallable in virtually every color, many
wood grains, simulated leather and stone patterns. They are
also available in many novelty designs for card table tops,
bar tops and plctures, Plastic laminates are sold by the
square foot with the standard grade used as the base.

II. CORE STOCK AND ADHESIVES

The core stock used under laminates 1s importent in
counteracting the brittleness that is characteristic of this
typre of product. It is recommended that when using plywood
for core stock, a thickness of three~-fourtns inch is necessary
for all horizontal applications and 2 minimum thickness of
one-hall inch on all vertical members. Some fabricators pre=-
fer to use Philippine mahogany plywood as core stock instezd




R L e R R R e R R s e RS S e St e A e R S i A MR i S A M sl L e S
R B R &1 S AR PARY AT et

18
of fir plywood because of a less prominent graln pattern, , -
Laminates are also bonded to hardboards and particle boards
that are three-sixteenths of an inch or thicker, for use in

furniture construction {(2:578).

Many adhesives, including the urea resins, casein,
polyvinyl, and contact cement, can be used to bond laminates
to core stock, Contact cement has one distinct advantage 1n
that it requires no clamping pressure over a long period of
time, as do the slow setting glues. This makes it more prac-
tical for an on-the-job application and is ldeal for use 1n
an industrial arts laboratory. If adequate ventilatlon 1s a
problem, a water base latex contact cement may be used.,

III. PROCEDURES

The teaching of a unit on high pressure laminates-
requires very little equipment that a normal shop would not
have. Laminates can be cut by scoring the face side wilth an
ice pick or a scratch awl and bending the laminate upward
until it breaks. It may be cut with a twelve-point crosscut
saw, a hacksaw, a power saw or a portable router. This
material may be drilled, planed or filed. Carbide tipped :
cutting tools are recommended because laminates dull the . .
stondard. woodworking tools quite easily; however, carblde '
tools are not absolutely essential. o . :

~ The procedures covered ln a laminating unit should
include gluing practices, edge treatments and trimming opera=-
tions. These are baslc to any project a student would select.

The type of edge treatment on a project must be decided
upon before a laminate is bonded to the top. Shown in Figure
2 are the common types of edge treatments with the most popu-
lar being the edge-banding treatment. The tcp should be
laminated to the core stock before any edges are apvlied
except for the self edge or edge banding types. In these
- the edge is applied first and then the top 1s added later,

' Edge banding 1s done by first smoothing the edges and
~ then applying contact cement to both the edge and the lamlnate.
 The adhesive should be permitted to dry until all tacklness

gt st e e
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disappears, but a little softness remains., Carefully position
the strip and permit it to contact the edge. Great care must
be taken in joining two pieces in this manner because once the
surfaces touch there is an instant bond and no other position=-
ing is possible (2:583). A more ccmplete bond will be obtained
if the edge is rolled with a small roller. The excess material
may be trimmed off with a plane, hack saw, file or router.

It is essential that the top of the banding be exactly flush
with the top surface of the table to eliminate any open blue
lines or high spots along the edge. An attachment may be
purchased and mounted on a router along with special bits that
will enable the trimming to be done very easily. If the trim-
ming is done with hand tools, care should be taken that motlon
of the plane or file is toward the core stock and not away

from it to prevent chlpping of the laminate.
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If the project has rounded corners, the laminate can -
be heated to approximately three hundred degrees and 1t will
become pliable enough to form around the corner. If permitted
to cool in this position it will retain its shape and then may
be cemented to the edge of the core stock. A common heat lamp
is a good source of heat and crayons that melt at specifilc
temperatures are available. If the crayons are used, several
lines should be drawn on the laminate et the place where the
curve is to be; then when the lines begin to melt the edging
is ready to be formed. I a ‘

Application of a large plece of laminate to a top can
cause problems unless some precautionary steps are taken to
prevent contact before positioning of the plece is complete,
Two common methods are: (1) to place several pleces of heavy
wrapping paper on the top after the cement has dried, or (2)
to place a number of thin dowels across the top. By withdraw-
ing the paper a short section at a time or removing the dowels
one at a time, the laminate can be controlled better as it
comes down on the core stock. Using 2 small roller, and work-
ing from the center out to the edges, roll the laminate down
firmly. Trim off the excess and file the edges smooth.

Laminates can be incorporated in many practical stu-
dent projects ranging from clipboards and cutting boarés to
coffee tables and counter tops., With the widespread use of
laminates today this is certainly an area that deserves
attention in an industrizl arts program.




Problems

CHAPTER VI

APPLICATIONS

Meking water skis (See Figure 3)

Materizals needed for each skl:

1.
2.
3.
b4,

2

1" x 6" white ash anproximately equal to helgt
of user

1" x 1" x 12" white ash or oszk for rudder
Three wood screws, #8 FL. HD. brass 13" long
1/16" x 6" x 15" light colored veneer

Smell aquantity. of wateroronf glue

Marine tyne finish s desired

Procedure:

1.
2.

3.

N
®

\O 0O~ CM\n
®

10,

11.
12,

13.

1k,

Make temnlate of deslred shane,

Plane 1" x 6" ash to 5/8" or 3/4" thickness,
dependins on amount of flexibility desired.
Revel faces of rudder stock such that botton
edge 1s 5/8" thick and top edge is 3/4" thig
(optional shapes to suit taste or use).

Using band ssw wit!: resaw Jig or fence, kerf

1" x 6" stock aoproximately 15" to facilitate
bending 2s shown in drawing.

Using templste, lay out ski,

Cut to shape on band saw, being cereful to lgve
lines., |
Plane to remove saw marks and oroduce exact giabe.
Rough sand with 80 grit sand opaver,

Plasticize wood tc be curved by steaming for
anproximately one hour or by submerging in wtex
for twenty-four hours,

Remove ski stock from w-ter or steam and Plag
in bending avparatus where 1t should remain ytil
relatively dry a2nd will retain its shape.

When stock is dry, spread glue on ~oth facesf
veneer 2nd insert into kerf,

Replace in bending avparatus as in steo 10. js
a precaution against bonding to csul, place ygx
paper between ski stock and each pert of cay,

“Allow ample drying time, then remove ski stogy

from bending eoparatus snd reshape curved ey with
spoke shave, smoothing plane or other desilrpe
tool. . | |

Do final sanding operation.
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4 15. Drill pllot holes and attach rudder,

ﬁ 16. Apply minimum of two coats of desired marine tyve

. finish. \ | B
a 17. Drill pilot holes for commercial bindings so ball B
. of foot is located at balance point of ski.

i - 18. Attach bindings. | 5
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Problem: Making and using & ski caul

R

o
I
o U A 1 e P v

Materials needed: '
‘ 1. Caul or bending Jjig made from solid timber .or

laminated block approximately 7" x 7% x 24"

Procedure . for making cauls
1. Lay out desired curve on block as shown in Figure

. 4 ®
2. Using band saw, carefully cut to form two parts
- of caul.

3. Sand if necessary. -
L. Line insides of caul with pad of rubber or cork.

iR OIS g et s e iy
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Procedure for putting pressure on cauls
1. Place one large C=-clamp near rear of caul and

exert moderate pressure.

i 2. Place second clamp near front of caul and tighten

g - to begin bend.

g 3. Tighten both clamps simultaneously untll even

¢ | pressure has closed kerf 1in ski.

e ’ 2.\ "t

e I 21-” ‘ —»l

| ' FIGURE 4

| SKI CAUL ,:
o
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Pproblem: Meking a flat veneer clip board (See Figure 5)

Materials needed: | : -

1. Piece of hardboard, particle board or plywood )
1/4" x 9" x 12" for the core of the clip board

2. Two pieces veneer 1/28" x 94" x 123" (select

1 | for thelr beauty and grain characteristics)

g 3., Two pieces plywood 3/4" x 10" x 13" for caul

3 b, Glue , -

5. Pop-rivets

6. Veneer tape

7. Any type finlsh desired

- Procedure: |
1. Cut veneers slightly larger than the core of the

¢lip board. If the veneer 1s not wide enough, then

follow these steps to Jjoint two pleces together:

3 a. Clamp two pleces of veneer together in an

3 | edge jointing clamp. (See Figure 6)

4 b. Plane both edges at the same tlme until

L smooth and true.

If | c. Butt the two edges together and hold with

g veneer tape. | 4 S

%} < d. Fold the joint opern and apply glue to edge .
;

of veneer.
| e. Allow the glue to set properly. . .
| 2. Apply glue to face of the veneer and set 1t in place -
{ on the plywood core. One veneer pin in each corner |
1 will hold the veneer in place while you are sliding
| it into the press.
3 Repeat steps one and two to the other face.
‘ L. Place two or three pieces of newspaper on the top
£ and bottom to distribute the weight and prevent the
f@ veneer from becoming glued to the plywood caul. i
' 5. Next put a caul on the top and bottom and place in ;
the veneer press., I1f a veneer press is not availatle, :
use C-clamps or hand screws for pressure. |
1 6. Machine to correct shape, sand and 2pply the desired
; finish. -
@ 7. Attach the clip with poo-rivets.
}

Note: An alternate design, for the advanced student, might E

include:
l. Construct lumber . veneer core.
2. Five or seven nly construction. 4

E 3. Diamond match face veneer.
. 4, Centers of contrasting wood. ;
5. Borders on the face veneer. . , a

.
-~
K
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Material for Clip Board
2 pieces 1/28"x 9 1/4" x 12 1/4" Face Veneer

1 piece 1/4" x 9" x 12" Plywood G358 ; .

Material for Caul

2 pleces 3/4" x 10" x 13" Plywood

FIGURE 5
CLIP BOARD
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Problem: Meking a salad server set (See Figure 7)

Materials needed for set:
1. 14 pieces of veneer of contrasting colors, each
1/28" x 23" x 124"
2. Water resistant glue
30 Salad oil

Procedure: : |

1. Make a full size pattern of the spoon and fork.

« (2%% x 12" is a good size for a class project).

2. Design a caul to bend the veneers to the desired
shape. You can use a plece of 2" x 4" stock 12"
long for this,

3, Cut seven pleces of veneer 1/28" x 23" x 121" for
the spoon and the same amount for the fork. Use

~ contrasting colors of veneer for variety.
b, Use a small roller to apply the glue to each plece
. of wveneer.,

5, Three or four pleces of newspaper should be placed

between the veneer and the caul, when you place

glued to the caul,

6., Clamp the caul together with a suitable devise and
allow to dry thoroughly. '

7. Several types of clamps can be used: C-clamps,

into 11" strips and wound tightly around the caul
will provide enough pressure to do the job.

8, Unclamp the salad server and lay out the design
with the pattern. '

10, Smooth the piece with a spokeshave, flle, scraper
| ' and sandpaper to obtain a gocd finish.
- 1l. Fill the wood and apply the finlish coat as 1in any

l§ other orcject. A suggestion might be several coats

of salad ocil.

29

them in the clamp, to prevent the veneer from being

parallel clamps, a bench vise, or an inner tube cut

9., Cut to shape with a Jigsaw, copling saw or a band saw.
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Problem: Making 2 bending Jig

This simole bending jug can be made by Industrisl Arts
students for use in laminating trivets, and may be made in
widths from one to two inches wide. This Jig was designed to
make pieces three-~fourths inches wide by one-quarter inch
thick by seven inches long. A two jneh wide mold will allow
the students to make two curved pleces at once. The curved
part of the Jjig can be cut from any type wood to a four inch
radius. If you put a rubber face on the mold it will be
necessary to make the actual radius of the wood less. The
piece on the bottom of the radius is three-fourths inch by
two inches by eleven inches. It is mounted to the radius
with screws or nails and glue., The clamp used to hold the
veneer tight around the radlus is made of sheet metzl, The
sheet metzl should be the same width as the wooden form.
Remove the head from a three-eights inch by two and one-
nelf inch bolt and welt pervendicular to a piece of threc-
eights inch round steel. Drill a hole in the sheet metal,
bend around the three-eights inch steel and bred. (See
Figure 8). Drill hole in bottom boerd so that the belt will
dron through for tightening. Bend sheet metal sround Jjlg
allowing one=fourth inch or less clearance around curved
part of jig. Anchor the loose end with wood screws.
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Problem: Bending with end pressure §
Many failures in hending solid stock could e 4
eliminated through the use of a metal strap with end blocks
fastened firmly to it. The stock to be hent should be
i accurately cut to fit betwee the e~ 1 blocks. As the
: plece is formed around the mold the metal strap will pre- A
: vent tension breaks along the convex surface, and the blocks -
1 Wwill exert pressure on the ends helping to achleve the conm- 2
; pressive stress that is desired. -
2 Metal Strap == 3
g

FIGURE 9

END PRESSURE CLAMP ' . |
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PLYWOOD CONSTRUCTION

34 PLYWOOD CAUL
2 '/26 FACE VENEER .

Yo CORE STOCK
Yog BASK VENEER
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LAYERS OF VENEgR MAKE PLYwaoD
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CHAPTER I
E PARTICLEBOARD HISTORY

With the need for flat, true surfaces being specified
by designers and builders, a new engineered wood product panel
has become an important factor in our economy. Modern pro-
cesses and precision machinery have combined with new adhe-
sives to create from wood particles a family of products call-
ed particleboard (4:2,3).

I. DEFINITION

- Particleboard 1s defined as a generic term for a panel z
manufactured from lignocellulosic materials (usually wood) pri- :
marily from fibers, combined with synthetlc resin or other

suitable binder and bonded together under heat and pressure in

a hot press by a process in which the entire inter-particle

bond 1s created by adding the binder (5:22).

II. ORIGIN AND BACKGROUND

The origin of manufactured board products from wood
seens tc be about the same from country to country. Each be-
gins with a workman at a sawmill or woodworking plant who feels
the need for utilizing the large plles of sawdust.. The man
mixes some sawdust and glue and compacts the mixture into a
.frame of wood or canvas.. After the mixture has baked in the
sun, he removes the frame and rushes to the village to dis-
play his newly created wood board.. This idea of manufactur-
ing a board product from wood waste goes back over one hund-
red years.. Insulation board and hardboard were produced
from wood fibers in Europe about 191%, and in the United
States in 1926. However, the production of particleboard
in the United States didn't begin until about 1947 (9:30).

| As of 1961, more than 2000 patents were recorded
throughout the world for processes or parts of processes for
manufacturing particleboard. Foremost among these were
.Germanyz England, France, Switzerland and the United States.
It wasn't until about 1930, and the advent of thermosetting
synthetic resins that could be used as a binder, that wood
particles were successfully converted into what is now call-
ed particleboard. It wasn't until 1941 that the first com-
mercial particleboard was produced with phenolic resin
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binder in a plant at Bremen, Germany.. The BManufacture of this
homogeneous single layer board was covered by Swiss patents..
In 1943 and 1945, French patents were issued to Fred Fahrmi
for a three-layer board using coarse particles for the middle
layer and fine particles for the outer layers. Another sig-
nificant step was accomplished by Otto Kreibaum at Lauenstein,
Germany with the development of a continuous extrusion process
in 1949.. Also in 1949, the Vere Engineering Co., Limited, of
London, England concluded development of a continuous flat-
pressing process which produces particleboard in a continuous
sheet (9330) °

The partisleboard industry grew rapidly in Europe at
the close of World War II. In many areas of Europe at this
time, there were many destroyed forests, homes and buildings.
Without usable timber, a man-made product had to be developed.
Particleboard was the answer to the salvaging of broken trees,
etc., and turning them into a building product to ease the
shortage of marketable timber.. This successful use of timber
waste was then introduced into the United States about 1947.

In 1958, production in the United States was 125,000,000 square
feet based on 3/4 inch particleboard.. In 1961, the production
‘was 375,000,000 square feet, and in 1966, the industry produced
nearly one billion square feet with a monetary value of $100
million (5:4).

A look at the board industry in general shows an in-
crease in production of board products over the past five years.
The number of plants in operation or under construction in 1968
shows hardboard with 28, insulation board with 21, particle-
board (mat formed) with 47, and particleboard (extruded) with
1l.. The data in Tables 1 and 2 shows the three types of board
being manufactured and the number of plants producing the var-
icus board product types.. Although the production of particle-
board for 1967 was 1.216 billion square feet, the capacity cur-
rently stands at 1.764% billion square feet.. Production for 1968
is predicted to be 1.250 billion square feet (10:37,38).

When one thinks in terms of the cost of setting up a
new plant to manufacture particleboard, there are several fact-
ors which must be considered.. The greatest single factor, in
the cost of a new plant, is the use for which the board is in-
tended.. Although it is possible to set up a small plant for
$1.5 million, most modern plants range in cost from £2 million
to $7 million (2:1). Although particleboard plants can be de-
signed for almost any production capacity, profitable operations
usually require a daily production rate of 100-120 tons or more.
Plants of smaller capacity can be profitably operated as captive
2 plants.. That is, the entire production is utilized by a parert
- plant using particleboard in its manufacturing operations..

. Small plants producing a sellable product from mill waste can
also be operated at a profit (2:7).
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TABLE 1

COMPARISONS—FIVE YEARS OF BOARD PRODUCTION

1963 2 N SSS I N N N N N DN N UV DN SN DN DN N N B W N N B B N N N BN N O B S S N S B PR R NN e R e 3

}964 leu 5w 0 P 8 8 S S B B PN PN RN B S N S P N NN BN N PR NN NS W IS PR D9t N N NN N N B B B WS DM BN BW BN b8 0w Bm ) Hardboard
1965 5 2ve D N B N N N e B Y N B e SN SR 000 N N N BN N 0 N N S R O B R S N S B N NS B R BN BN NN NS SN RS NS NS NS NS

1966 n----------------------------------------'-----------

| | ) |
Billion Sq. Ft. ° 1 ° 2 ° 3 °

e e e

1963 e o N S B 3 N T N N NS S A N N DN B N N N N RS B N D N S N R BN N B B BN M B B b R S B N

1964 2 S 0 S S DN NS IS DN N PN N (N N N N PN PN N N S N N N S NN NN NS B SN N N B NS B B B BN 6O 6O 0O @ |nsu'ation
1965 b o e e S N P O e e T N N NS S N DN R I N N D U S PR A PN S B U B B S B S G B S B BN SW 8 FE 6O 08 sm Board
1966 O N N B N DN A N e B PN S N PR S PR PR D N B BN N DN A0 30 o PR N B e FEE N R N G G O P B G B BN NG R BRS8N BE

| x |
Billion Sq. Ft. L 1 2 3 °

1963 T L L L L] N
1964 prmmmmmm—— : Particleboard

et e wr
7 ., N NN .

1966 = 0 B S VN EE R U b B KA PO W) NS S R 0 W
1967 "M YT LLL L P L LR LR )] 1-216

AT T o

Billion- Sq. Ft.

TABLE 2 ]
A CROSS-SECTION OF THE BOARD INDUSTRY

HARDBOARD (3" basis) PARTICLESOARD (34" basis) INSULATION BOARD (12" basis)
Billion sq. ft. Billion sq. ft. Billion sq. ft.

1963 e e 246 1963 ...l 49 1963 ............. R 2.67

B Product ‘ " No. plants Product . No. plants Product ‘ No. plants
types producing  types producing  types producing

Underlayment ................... .20 Core .. e 36 Decorative tile ........ S 9
Tempered ................ e 21 Furniture ....... ... ...l 22 Plain tile ........... e 8 i
Perforated ......................... 20 Industrial ......... ... ..l 22 Acoustical tile .............. ... ... 8
Factory Primed .................... 16 Cutto-ssize ............. ... ... 31 Sheathing ................. .. ... 15
Wood grained ...................... 15 Cabinet ........... ..., 14 Building board .................... 9
Prefinishing ....................... 9 Underlayment ....... ............. 18 Wall board ...... S 7
Plasticoverlay ..................... 6 Veneeroverlay ..................... 10 Industrial board .................. .. 10
Veneer Core .......... e 11 Plasticoverlay ................... . 8 Sound deadner .................... 13

N i Y P e R
T - y e . -
. e B a y A ' >

Garage Liner ...................... 8 Factory Primed .................... 9 Shingle backer .................... 8
Garage Door Panel ................ 14 Prefinished ............. A 5 Wallplank ............... ... .. 2
V-Grooved ............. ... ... 9 Wood grained ..................... 3 Insulated roof deck ................ 5
Siding ... U 12 Floortile ...............0. ... .... 1 Factory primed .................... 4
Overlayment ....................... 2 Siding ... 6 Prefinished ........... ... ... 4
Other ... 7 Decking ....ooooviiiiiiiiii. .2 Siding L. 5
Door Stock ........ ... ..., 17 Formboard ......................... 2

Other ..o 19 Rigid roof insulation .......... :... 9

Informaticn taken from guestionnaires returned  Other ... ... .. ... 3
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ﬁ CHAPTER II
MANUFACTURING PARTICLEBOARD

5 In the manufacture of particleboard, there are basi-

; ally three processes used.. One is the extrusion process which
forces the resin and wax coated wood particles through a long,
heated die.. The second is the mat-formed process which uses a
flat hot-press to form the particleboard from a mat of resin
and wax coated wood particles. The third is the continuous
pressing process which forms the particleboard by applying
pressure through steel belts, which enclose the continuous mat
of resin and wax coated wood particles, by means of steam-
heated platens in the form of "caterpillar" tracks. (1:9,10).
1 This paper will be concerned primarily with the mat-formed
L particleboard process using the hot-press method of forming.
Except for the method of forming and/or pressing the board,
many of the prdcesses are the same or similar in the three
methods of manufacturing particleboard.
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I. MANUFACTURING OPERATIONS

The manufacturing of particleboard involves several
operations. These operations include milling, drying, blending,
forming, pressing and sanding.. The actual processing begins
with the raw materials which include wood chips, planer shav-
ings, and/or logs.. These raw materials are processed by hogs,
flakers, hammer-mills, or other types of milling equipment
that will produce the desired size and shape of wood particle.
‘- A system of screening 1s used to control particle size.. Small
particles are screened out and oversize particles are diverted
back to the milling equipment to be remilled.,. Dryers are then
used to reduce the moisture content of the particles to a uni-
form level.. The particles will now be fed into a blending
operation whichearefully controls the amount of resin, wax,
and/or other chemicals being added to the wood particles. The
treated particles are then fed into a forming machine which de-
posits the treated particles onto belts and/or metal cauls to
form mats.. The amount of binder per particle and furnish per
mat is controlled by weighing operations.. This weighing 1s
done automatically as the particles and mats move through the
processing.. The next step is pre-pressing the mats to rough-
ly twice the finished thickness in a continuous belt pre-press.
After pre-pressing, the mat will withstand the trimming opera-
tion.. The mats are trimmed to a size slightly larger than the
finished dimensions for the board.. The nats are then loaded
into a heated hydraulic preéss and the binders are cured and mats
consolidated with temperatures up to 400° F.. and pressures up
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to 100C p.s.i. After pressing, the boards are cooled and pre-
cision trimmed to the required width and length before being
sanded on both sides to a thickness accurate to thousandths
of an inch (5:12,13).

I1. SOURCES COF RESIDUE

In manufacturing particleboard, a wide variety of types
of residue raw materials can be utilized. Some of the princi-
pal sources of this residue include the following (3:1).

1. Waste veneer, cores, and clippings from the

manufacture of plywood. '

2. Slabs, edgings, and trim from lumber production.

3. Green and dry planer-mill shavings from lumber

production.

4. Logs of little-used species or logging resldues.

5. Sawdust, shavings, and whole-wood scrap from

millwork production.

6. Serap from furniture manufacture.

III. WOOD PARTICLES

The wood particles used in the manufacture of particle-
pboard include: curls, flakes, fibers, granules, slivers, and
strands. These particles are produced by mechanical devices
such as a hammer mill as shown in Figure 1. Flakes are pro-
duced on machines with special cutters as pictured in Figure
2. Shavings usually come from planer mills producing lumber
and are then reduced to uniform size in a hammer mill. Saw-
dust from cutting operations in sawmllls are usually referred
to as granules.. Not much sawdust is used because of the high
cost of the resin binder to cover these small, poorly shaped
particles.. Slivers are usually produced by hammer milling
green planer shavings.. The dry planer shavings poduce much
more fines during the hammer milling.. These fines require
more resin as they have much more surface area per unit of
volume than do the flakes, slivers and shavings (3:3). All
species of wood and any particle form could be used to make a
panel material; however, some forms or kinds of wood are not
used due to merchandising, manufacturing, or handling problems.
Bark is a good example of this.. The strength and physical prop-
erties could be maintzined with the addition of sizeable quant-
jties of bark. However, there are several reasons why bark 1is
not used.. Any of the following might be considered (383,4)
1.. Knives of the chippers and flakers are dulled by the dirt
etc.. found in the bark. | | ﬂ '
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2. Screening, resin distribution, and mat formation are ad-
versely affected by "stringy" or "flaky" pleces of bark..

3. Ratios of bark to wood are not always held constant in raw
material mixtures.

4. Bark usually produces dark spots in the board, and this
color is not desirable because the buyers associate quality
with light color.

Hence, when whole logs are being utilized, a debarking
machine or operation is employed prior to beginning the chip
making process..

The size of the wood chips is controlled by any one
of several screening devices.. The technique 1s virtually the
same.. That 1s, fines are screened out and oversize ehips are
sent back to be remilled.. The sawdust like fines tend to
settle to the bottom of the board dquring the pressing opera-
tion.. This settling will upset the uniform distribution of
particlessize which is so important to the production of a
quality board.. Fines will also weaken the board.. The larger
chips wculd create volds on the surfaces and ruin the board
quality (2:3). |

These chips must be uniformly dried to about 3-6%
moisture content prior to receiving their coating of binder.
Too low a moisture content will result in a poor bond, longer
curing or press cycle, weak board, and possible warpage (2:3).
The drying is usually accompllished in one of several ways.

The types of dryers 1in use include the following: rotary drum,
belt, circulation, plate or turbo, contact and suspension (1:145).

Particle geometry, the shape of the particles, 1s the
predominate factor in determining the final strength of the
manufactured particleboard. Long slivers will interlock and
form a board considerably stronger than one made from sawdust
type particles.. The surface quality of the board is greatly
improved by forming a mat with a top and bottom layer of fines

in fiber form (2:3).

IV. BINDERS

The binders used in the production of particleboard are
adhesives of one kind or another.. A variety of adhesives have
been experimented with.. These include inorganic materials such
as magnesia cements, silicates, and portland cement; and organic
materials such as starch materials, proteinic substances
(animal glues, blood and casein), 1ignin and synthetic resins.
Of these substances, synthetic resins have proved tc be superior
as a bonding agent. Two kinds of synthetic resins are usually
used.. Urea-formaldehyde resins are used for the interior boards
where moisture isn't a problem.: The phenocl-formaldehyde resins
are used to bond boards for exterior use and where exposure to
heat or moisture would be a factor.. The following are some
comparative characteristics of these two synthetic resins (1:

O
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Urea~Formaldehyde '
Low cost (about one-half the cost of phenol-formal-
dehyde ) o
Lower curing or hardening temperaturs (thsrefore, a
shorter production cycle%. .
Water-resistant, not water-proof.
Produces boards of lighter color (phenol darkens,
when exposed, to ultra-violet raysg.
Will "ecraze" or embrittle with age..
Will not resist boiling in water.
Will not stand tropical use or heavy weathering
(high temperature and humidity).
Will wear tools faster then phenol-formaldehyde
when product 1s being mechined.
It was found that although the urea resin bond weak-
ened little upon weathering for four months, a 12-
month exposure reduced the strength by one-half.
Phenol-Formaldehyde
Has long bonding strength and resists action of
hot or cold water.
Withstands humidity cyeles well {moistening-drying).
Withstands extremes of temperature and humidity.
Withstands temperatures close to the carbonization
temperatures of wood. [Urea will weaken under heat
treatments (140°~-180° C) that may be applied to
finished products to increase wood stability.]
“Resists attacks of bacteria, molds, termites.
Withstands chemical action of oils, alkalis, fire-
resistant and pest-resistant wocd preservatives.
More resin is used 1n particleboard than in insulation
boards and hardboard. The amount of resin per unit volume of
board depends on the size and shape of the particles. Resin

costs are the largest single factor in the production of particle-
board. This cost amounts to about 35-60% of the total manufact-
uring costs. This cost can be lowered some by the proper cover-

ing of each particle with resin. Hence, the selection and use
of optimum particles is of great importance. The resin is 6-
10% of the dry weight of the final board.. This is lower if

flakes are used as these are the most efficient particles (3:8).

Although the range of resin solids is usually from 6-10%, some
may range from 3-12%, based on the dry weight of the board.. As
the resin content goes higher, the specific gravity goes higher
also (1:213).

Binder costs for urea formaldehyde resin usually range
from 0.75 - 1.0¢ per pound of wood used.. Based on 3/4" board,
at 40 1bs./cu. ft. density, the costs range from $18.75 -
$25.00 per thousand square feet of board manufactured (2:3)..

Resins may be applied in several ways.. The most common

method used is spraying in a liquid form.. Figure 3 shows a

schematic drawing of a spray-coating apparatus constructed at

BRIC
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the Oregon Forest Products Laboratory.. The resin content of

the particles is controlled by the rate of feed of the particles
and the amount of resin being atomized inside the chamber.. A
weighing operation is usually the controlling agent in this
step of the manufacturing of the particleboard (1:160-161).

V.. OTHER ADDITIVES

Particleboard is subjected to a variety of conditions
depending upon the end use of the product.. To insure resist-
ance to fungl, water, insects, and fire, additives such as
pest-repellant, water-repellants, and fire retardants are
added during the blending operation.. These are then added
while resin coating the wood particles (1:205-208).

As: the particles are being sprayed, many times the
coarse particles have very little wax and the fines are richly
coated.. A concentration of well coated fines on the surface of
the particleboard will cause excessive or uneven waxing. This
will impede painting.. At the same time, coarse wood particles
at or near the center of the board may not have enough emulsion
to provide proper water resistance.. Tests show that 75% of the
water absorbed during immersion of a board normelly enters the
core through the exposed edges. Hence, emulsion, of the proper
quality, correctly dispensed will ensure proper coverage of all
wood particles.. The Mobil 0il Corporation has developed a pro-
cess for controlling this important step in particleboard man-
ufacturing.. A fluorescent 8ye is added to the emulsion.. After
the spraying, the particles are examined under ultra-violet
light.. This examination determines the degree and uniformity
of emulsion deposition on the wood particles.. This quality
control step can be used to determine how the system went
wrong and how to correct it (6:88,89).. |

VI. CLASSIFICATION OF PARTICLEBOARD

Particleboard has been classified .nto nineteen separate
divisions according to the method of pressing, the type of wecod
element, and the number of layers involved in the make-up of
the panel.. This classification was completed, in a paper pre-
pared in 1957, by George G.. Marra, Head of the Wood Technology
Section, Division of Industrial Research at Washington State
College. The classification is given below (9:31,32). ‘

One lLayer Boards:

l. Flat-pressed particles.

2. Extruded particles. -
3. Flat-pressed mixture of particles and disinte-

grated flakes..
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4. Extruded mixture of particles and disintegrat-
ed flakes.

5. Flat-pressed, intact flakes.
6. Flat-pressed, disintegrated flakes.
7. Extruded, disintegrated flakes.

Two Layer Boards:

1. Coarse particle base with fine particle surface..
2. Particle base with decorative flake overlaye..

3. Disintegrated flake base with fine particle
everlay.

4, Disintegrated flake base with decoratlve flake
overlay.

Three Layer Boards:

1. Fibrous particle center with fibrous fine
surfaces.. '

2. Coarse particle center with fine particle surfaces.
3. Disintegrated flakes center with fine particle
surfaces.

4. Coarse particle center with disintegrated flake
surfaces..

5. Coarse particle center with intact thin flake
surfaces.

6. Disintegrated flake center with intact thin
flake surfaces.

7. Disintegrated flakes: thick flake center with
thin flake surfaces.

8. Intact flakes: Thick flake center with thin
flake surfacese.

Actually, particleboard could be broadly classified
into two major catagories: Homogeneous and multi-layered boards.
As the names imply, homogeneous boards have the same type of
chip, splinter, flake, shaving or fiber throughout, and malti-
layered have cores of larger wood particles with a top and
bottom layer of finer wood particles. Flgure 4 shows mat form-
ing machines for homogeneous and 3-layer particleboard (2:8).
Figure 5 shows a comparison of the cross sections of homogen-
eous, 3-layer, and extruded particleboard (2:8).

VII. FLAT PRESSED BOARD PLANTS

The multi-platen manufacture of particleboard differs
from the extrusion process in that a flat bed press of 1-20 or
more openings are used depending on the press design. This size
i8 also dependent upon the design of the machinery used in the
plant.. Both homogeneous and multi-layered boards can be man-
ufactured in these plants. The plants will vary in design as
follows (2:4-6):

BAHRE (BISON) SPRINGE, CERMANY

This system is designed for continuous blending of

wood particles and resin and 1is designed to produce a
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3 \Lnver Boaro Cross Oection

graduated board comprised of coarse particles in the
core and gradually becoming finer to the surfaces.
The unique feature of this system is the air felting
equipment for mat formation to give the graduated
board eccnstruction.. Single or multi-opening presses
are employed. Very short press cycles are s2comp-
1ished in single opening plants by introducing mois-
ture in form of water spray on the mat prior to press-
ing. Boards up to 8' x 24' can be made by this pro-
cess.. Multi-platen installations are becoming in-
creasingly popular, particularly the new caulless man-
4 ufacturing system. Multi-platen installations have
a more or less replaced the single opening Bison oper-
- ations in popularitye.
3 BEHR SYSTEM (HIMELHEBER SYSTEM), GERMANY

This process is designed to produce a 3-layered board
comprised of long fibrous particles in the core and
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small cubical fines and short, small diameter fibers
on the surfaces. The Roddis Company (now Weyerhaeuser) '
has been granted sole rights in the U.S. and Canada
for this process and as a result few details are a-
vallable.. The system is highly automated and engin-
eered for gocd qualiity control of boards.. The felting
unit is reportedly comprised of a series of individ-
ual bins containing coarse fibers for the core and finer
particles for the surface. The surface particles are
first laild on the cauls followed by coarse core fibers,
then topped with surface material. The result is a
distinet 3~lavered bcard.
COLUMBIA ENGINEERING COMPANY, NORTH VANCOUVER,
BRITISH COLUMBIA, CANADA
: Thie particleboard plants designed by this firm may be
1like the Miller-Hofft system with several innovations.
Raw materials utilized are splinters, flakes and fibers
(bagasse). This company also werks with the Bahre
Company and will engineer Bison plants both in this
- ecountry and abrcad,.
DEMETS SYSTEM, BELGIUM |
Several plants have been buiit in Canads and the U.S.
This system is bzsically a 3-layered bype operation.
Blenders are the Lodige type which use atomizing heads
rather then spray nozzles. Wurtex formers are used with -
"this systen.
- Boards are usuzlly made {rom Hombak flakes or Pallman
fibers depending on the system. Flakes are definitely
the most popular furnisk for this process..
FIBREXA SYSTEM, SWITZERLAND
This system produces homogeneous or three layer
boards from splinters, flakes or shavings. The un-
nique featurs about Fibrexa plants are single RF heat-
ed presses producing extremely short press cycles..
HERMAL SYSTEM, GERMANY
Hermgl System plants have been bullt throughout
the worlds at this time one plant is in production
in the U.S.. Caul type and caulless installations
are avallable for manufacture of homogeneous or .
multi-layered board.. Splinters, flaskes, shavings
or any type of waste from wood or other ligno-
cellulose materials can be utilized..
MILLER-HOFFT, U.S.A.
This equipment 1s designed and installed by the
Miller-Hofft Engineering Company, Richmond,. Virginia
and is desligned to produce homogeneous splinter, -
flake or fiber boards. There are several plants in
existence with each one being more highly automated |
than its predecessor.. For the most part, particles -
are blended continuously with resin followed by mat
forming usuvally accomplished by means of a pinwheel
device that throws the coated particles forward onto




a caul as they tumble from a surge bin located above
the pinwheel.. The mat is then cut to length via sawvs,
and moved along the assembly line on the caul tc a
loading device prior toc entering the hot press for
the final consolidation to ultimate board thickness.
The most modern instalation utilizes wood fibers
‘or semi-fibers, producing low, ' medium and high den-
sity boards.. A multi-platen RF equipped press cuts
press cycles extremely short. *
NOVOPLY, SWITZERLAND, U.S. PLYWOOD CORPORATION-AGENT
This process yeilds a multi-layered board com-
prised of coarse splinters in the core and very thin
flake-1like materials on the surfaces.. The U.S.
Plywood Corporation is the sole licensse in this
country for this procedure controlled by Fahrni
Institute AG in Zurich, Switzerland.. High resin
treatment and high moisture content of surface flakes
gives a board with an extremely hard, smooth surface
which 1s relatively pit free.
SIEMPELKAMP AND COMPANY, KREFELD, GERMANY WILCO
MACHINERY COMPANY, U.S. AGENT ‘

. This company also has world-wide experience in de-
sign of particleboard plants. Modern plants feature
eaulless systems producing 3-layer boards.. Two types
of caulless production lines have been developed, the
Tray Belt System for long fibrous and flake materials
which works without a prepress and the Prepress and
Tray Caulless System for short fibered, granulgr types
of material..

VIII. EXTRUDER BOARD PLANTS

The extrusion process differs from the multi-platen
operations in that the mat forming 1s eliminated and the press-
ing operation is quite different.

Resin coated chips are fed continuously to the ex-
trusion press which consists of two parallel heated
platens, 6-18' long between which the chips are ram-
med at a constant rate of from 20-80" per minute.. The
temperature of the platens is approximately 350° F..

The stroke of the ram may range from 3-5" and it may
pulsate from 30-120 times per minute (2:6)..

The extrusion process 1s economical due to the minimum
labor and manufacturing costs.. The full width of the board
is usuable with no edge trimming required.. Lengths may be
easily varied. Its flexural strength is low and cross-band-
ing is required when it ic used as core stock (2:6)..

An extruder may be either a "vertical" or "hori-

zontal" extruder depending on the plane of the platens.
There are several types of extruder plants in operation
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in the United States as follows (2:6):

CHIPCRAFT (FORMERLY MANUFACTURED AT MORRISTOWN,
TENNESSEE)

This equipment is designed to produce both vertieal
and horizontal extruded boards. Design is quite sim-
ilar to the Kreibaum unit. One outstanding feature of
the vertical plant is the fact that the board is cut
to lengths while in a v